Toxicity, Biodegradation and Bioaccumulation of Triclosan in T. tubifex and P. antipodarum by Gaardahl, Karina et al.
  
 
 
Toxicity, Biodegradation and Bioaccumulation 
of Triclosan in ​T. tubifex​ and ​P. antipodarum 
 
 
Is the use of​ Potamopyrgus antipodarum​ and ​Tubifex tubifex​ a viable solution in terms of 
decreasing triclosan concentrations in aquatic sediment, through the processes of 
bioaccumulation and biodegradation? 
 
 
 
 
 
 
 
 
 
 
 
 
Sarwen Hussen, Roxana Faur, Ana Katrina Lassen  
Karina Gaardahl, Josephine Falkenstrøm and Sarah Hansen Marco 
Supervised by: Ronja Windfeld 
 
Roskilde University  
Second Semester, Spring 2015 
International Bachelor in Natural Sciences, House 14, NSM 
 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
Abstract  
Pollution of the chemical triclosan is a growing problem that has recently been                         
discovered by the EU and the United States. This paper outlines a possible solution to the                               
issue; the use of the organisms ​Tubifex tubifex and ​Potamopyrgus antipodarum to biodegrade                         
and remove the given toxicant from the environment. 
The study was composed of two elements. Firstly, toxicological study of triclosan on                         
the organisms, through observing several experimental parameters. Within this study, we                     
observed that the given triclosan levels used in the experiment, were not lethal. Instead, we                             
found that the triclosan levels showed sublethal effects on the experimental parameters:                       
behaviour, growth rate and fecal production. The ​EC​50 values based on the fecal production                           
results, were found to be 27.8 μg of triclosan/g sediment for the ​P. antipodarum and 235.58 μg                                 
of triclosan/g sediment for the ​T. tubifex​. These values indicated that the same concentrations                           
of triclosan affected the ​P. antipodarum ​to a greater extent than ​T. tubifex​.  
The second studied element, investigated the process of bioaccumulation and                   
biodegradation in the organisms, which led to plausible evidence in terms of their ability to                             
break down triclosan. From our results, we concluded that ​P. antipodarum and ​T. tubifex could                             
be used to process triclosan through bioaccumulation and biodegradation, and as such, they                         
may be viable solutions in terms of decreasing triclosan concentrations in aquatic sediment. 
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Relation to Semester Theme 
Interaction between models, theories, experiments and simulations in the natural                   
sciences, is the notion in which we are expected to incorporate in the project this semester. Our                                 
semester project is comprised within the topic of ecotoxicology, which studies the adverse                         
effects of chemicals on the environment and the ecosystems. It is a growing area of concern                               
because as years go by, more and more of the components used in daily products are found to                                   
be toxic, to certain a degree. For this project, we have chosen to focus on triclosan, which is                                   
found mainly in toothpaste, as well as in other personal care products. It reaches the water                               
bodies (rivers, lakes and oceans) through the sewage systems, and research has shown that it is                               
a problem for our environment and ecosystems. Luckily several governments have shown an                         
increased awareness to the subject, and have banned it to some extent. 
Currently, ongoing research on TCS and its fate after being ingested and digested by                           
deposit­feeder organisms is taking place in our university. Inspired by this, we decided to test                             
whether ​P. antipodarum ​and ​T. tubifex ​could break down TCS into byproducts less hazardous                           
to the environment. This included the following: experiments with the given organisms,                       
covering simulated conditions with chosen concentrations of triclosan, monitoring behavioral                   
changes, feeding rates and growth rates. This meant collecting and interpreting qualitative as                         
well as quantitative data, developing a method to analyze these, as well as using already                             
existing eco­toxicological concepts and terms. Previous studies (of available literature) of the                       
subject allowed us to acquire the tools needed to comprehend the acquired data and develop                             
other methods when facing obstacles. 
Furthermore, a special feature of this semester is producing a graphical representation                       
of our project in the form of a poster. This will provide us with the skills of simplifying a                                     
complex scientific paper into a more friendly way of expressing a notion, idea or view, along                               
with being perspicacious when trying to catch the attention of our fellow students, in terms of                               
the layout and strategy of our poster. With the features presented above, we intend to fulfill the                                 
this semester project’s semester theme and objectives. 
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1. Introduction 
  According to Maslow’s theory of the hierarchy of needs, one of the basic necessities of                             
human survival, is personal safety, specifically being safe in the environment we live in                           
(​Chapman, 2014)​. In todays´ society, pollution has become a growing issue and our awareness                           
overcoming this problem, has subsequently increased. Due to the increasing awareness,                     
scientists have started paying more attention to everyday household products and their                       
chemical components. One of the recently discovered potential toxicants, triclosan (TCS), is                       
currently being researched in order to study the effects on the environment and humans. Found                             
in many personal care products (Miljøstyrelsen, 2012), due to its antibacterial properties, we                         
are exposed to this compound on a daily basis. Current legislations and regulations in the US                               
and EU, state that TCS in the utilized dosages are not found to be “hazardous” to humans                                 
(Miljøstyrelsen, 2012); however, research shows that once it reaches the environment it can                         
have harmful effects on organisms in the environment and may consequently affect humans                         
due to the process of bioaccumulation (Beyond Pesticides, 2015). The purpose of this study                           
will be to demonstrate whether or not biodegradation and bioaccumulation occurs in ​T. tubifex                           
and ​P. antipodarum​. If this is successful, the use of the following organisms can become, to                               
some extent, a plausible solution in cleaning the environment.  
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2. Problem Formulation and Hypothesis 
Problem formulation 
Through this case study we will be investigating whether ​T. tubifex and ​P. antipodarum                           
are capable of decreasing the amount of TCS in the environment around them, through the                             
process of bioaccumulation and biodegradation. In addition, this study will also investigate the                         
specific concentration levels in which the organisms can tolerate TCS in terms of mortality and                             
avoidance behaviour. As such, our research question is:  
Is the use of P. antipodarum and ​T. tubifex a viable solution in terms of decreasing TCS                                 
concentrations, in aquatic sediment, through the processes of bioaccumulation and                   
biodegradation? 
Hypothesis 
For this investigation the hypotheses are as follows:  
● TCS will accumulate through the process of bioaccumulation, in the organisms’ lipid                       
molecules in the lipid bilayers , and thereby be passed up through the food chain. 1
● TCS will be broken down in the organisms through the process of biodegradation.  
● The concentration of TCS of 100 µg/g sediment and above will have a lethal effect on                               
the organisms throughout the 5­day experimental period. 
● Levels of TCS in the sediment will have decreased after the experimental period, due to                             
accumulation and breakdown, namely bioaccumulation and biodegradation, of the                 
compound through ingestion in the observed organism. 
● For the lower TCS concentrations, the organisms are not expected to die; however,                         
there will be sublethal effects in their growth rate, feeding rate, and other behavioural                           
patterns, as we presume the data will deviate from the control behavioral patterns. 
 
 
1 Key words: Bioaccumulation, biodegradation, lipid bilayer (See glossary)  
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3. Background Information 
This section contains relevant information, divided into different categories, in order to fully                         
comprehend our case study. 
3.1 ​ Triclosan 
3.1.1 Triclosan: Chemical Composition and Characteristics 
TCS is an organic compound most commonly used as an antibacterial agent, therefore                         
present in many personal hygiene products, namely deodorants, detergents, soaps and                     
toothpaste such as ​Colgate Total​®​, which contains 0.3% TCS (​Colgate​®​, 2015). Although the                         
fundamental purpose of the compound is for its bacteriostatic properties, its overgrowing use                         
has developed into a somewhat problematic discovery of the compound, specifically its                       
possession of toxic properties. 
The molecular formula is C​12​H​7​C​13​O​2 ​and it can also be referred to as the IUPAC                             2
name, 5­Chloro­2­(2,4­dichlorophenoxy)phenol (PubChem, 2015). The IUPAC name is               
derived from the chemical composition of the compound, see figure 1, the aromatic ring on the                               
right, “ring B”, is the skeleton where the substituents of the compound is built onto. A more                                 
specific explanation as to how the IUPAC name of TCS came about is as follows: “ring B”                                 
consists of a phenol group, counting this functional group as position 1, hence the chlorine                             
atom is located on the 5th position. In addition, on the 2nd position there is an oxygen atom                                   
identified as an ether group, located at position 1, which is attached to an aromatic ring “ring                                 
A” with two chlorine atoms on positions 2 and 4; therefore, the name of TCS was formed                                 
5­Chloro­2­(2,4­dichlorophenoxy)phenol (Denniston et al., 2014). 
 
 
Figure 1. TCS Composition (Lah K, n.d.) 
 
2 Key words: IUPAC ( see glossary) 
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3.1.2 Triclosan: In the Environment   3
TCS enters the environment in many different ways, one of which is through                         
insufficient cleansing of the specific compound in wastewater (European Commission, 2010).                     
After being ingested by humans , through a variety of different products, it exits the body and                               4
the waste is then collected in the sewage system (Beyond Pesticides, 2015). As TCS is an                               
antimicrobial agent, it affects the bacteria in the area around the TCS and causes some to                               
become resistant to the compound so researching and studying the effects of its presence is                             
important to various environmental systems. Studies have shown that the compound breaks                       
down by photodegradation when it is i water. (Mezcua et al., 2004)  
The compound has been found mainly in rivers and lakes across Europe and the reason                             
why it raises concerns for health professionals and environmentalists alike is because it could                           
really affect the natural balances of bacteria.As mentioned previously, some of the products                         
TCS is found in primarily include soap, deodorant, cosmetics, clothes, kitchenware, and can be                           
found on the surface of some office supplies (US Department of Health and Human Services,                             
2010).     
3.1.3 Triclosan: Breakdown and Lifespan 
TCS is generally found to accumulate in sewage sludge (Heidler and Halden, 2007),                         
bound to sediments and bio­particles. The sewage sludge is furthermore spread on land where                           
it leaches into the soil (Lapen et al., 2008) or accumulates in surface runoff (Topp et al., 2008).                                   
Recent studies show evidence of bioaccumulation of the chemical in humans, as well as other                             
organisms and animals (PsycEXTRA Dataset, 2011). As such, awareness of the hazards and                         
possible health care consequences has risen immensely over the recent years. 
TCS has also shown to persist in sediment deposits for longer periods of time; the                             
chemical is not easily broken down and concentrations have shown no significant evidence of                           
degradation within the first few years upon deposition (Wilson et al., 2008). Once TCS reaches                             
the larger environments, it poses several dangers; it is highly toxic to different types of algae                               
3 Keywords: Antimicrobial agent, photodegradation, bioaccumulation ( see glossary)  
4 Remains and residues may be unintentionally ingested  
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(Orvos et al., 2001) which could eventually affect the balance of larger ecosystems (SCCS,                           
2012). Once in the larger environment, TCS poses numerous additional dangers: it may be                           
transformed into dioxin and chloroform when exposed to sunlight under certain conditions,                       5
thus creating the threat of cancer development (Orvos et al., 2001). 
 
3.1.4 Triclosan: Legislations and Regulations in the EU 
Throughout the last couple of years, the excessive use of TCS has become a growing                             
concern, and especially Denmark and the European Union has showed extensive research                       
within the subject. In terms of the chemical's use in everyday products such as cosmetics, it has                                 
been up to the EU's Scientific Committee of Consumer Safety to determine and assess the                             
safety involved in the use of TCS. 
The overall conclusion that has been met, is that if TCS is used at a concentration of                                 
0.3% (Miljøstyrelsen, 2012) in the following remedies; toothpaste, deodorant sticks, hand soap,                       
body shampoo, makeup powder, concealers and nail products, it does not pose a direct threat to                               
the consumer (Miljøstyrelsen, 2012; Maurer, 2012). 
Furthermore, TCS has been labelled safe to use in mouthwash products in                       
concentrations up to 0.2% (Miljøstyrelsen, 2012; Maurer, 2012). The board of EU’s Scientific                         
Committee of Consumer Safety has also recommended that if TCS is used in additional                           
products such as body lotion, the collective exposure will become too great to guarantee a                             
surficial safety margin. This recommendation was endorsed in fall of 2013 by the                         
cosmetic­regulations in the EU (Miljøstyrelsen, 2012). However, Denmark and other states                     
have urged re­evaluations of the chemical TCS as a biocide, since new research suggests new                             
hypotheses and conclusions in terms of the health and safety involved with the use of the                               
product. 
So far, TCS has not yet been listed on EU’s list of potentially hormonally disruptive                             
chemicals. However, the Danish environmental protection agency and Center for Hormonally                     
Disruptive Chemicals , assessed TCS as hormonally disruptive in May 2012 (Miljøstyrelsen,                     6
5 Key words: Dioxin (see glossary) 
6 ​Center for Hormonforstyrrende Stoffer for Miljøstyrelsen 
11 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
2012). Based on these new evaluations, Denmark and Holland completed a thorough                       
assessment of potentially hormonally disruptive properties of TCS. 
These assessments were completed in the so called “chemical evaluation programme”                     
under REACH, and the current conclusion demands further investigations within this matter                       
(Miljøstyrelsen, 2012). These studies should include hormone effects on both humans and the                         
environment. Furthermore, the research should cover the discussion of whether or not TCS has                           
environmentally hazardous properties in terms of persistence, bioaccumulation and toxicity                   
(Ciarlo, 2012). 
 
3.1.5 Triclosan: Legislations and Regulations in the United States  
In the United States the department in charge of regulating TCS would be the United                             
States Food and Drug Administration, also known as the US FDA. They regulate the chemicals                             
that go into the countrys´ products and the legislations that follow. According to the FDA’s                             
website, TCS has no known hazards to humans however, there have been some recent studies                             
that have pushed the FDA into doing research (US Department of Health and Human Services,                             
2010). The studies they mention have shown that TCS changes hormonal production in                         
animals and could contribute to the problem of antibiotic resistance as mentioned before.                         7
Although they are looking into it, unlike the European Union, TCS is not banned in the United                                 
States as ​“​FDA does not have sufficient safety evidence to recommend changing consumer use                           
of products that contain TCS at this time.” (US Department of Health and Human Services,                             
2010)  
 
 
 
 
 
 
 
7 Key words: antibiotic resistance (see glossary) 
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3.2 Introduction to Ecotoxicology and ​EC​50  
3.2.1 Ecotoxicology  
Ecotoxicology, is a term introduced by Trunhaut in 1969. This new term was                         
introduced as a reflection, in the progressing concern about the toxic effects of environmental                           
chemical pollution on different species. Ecotoxicology is defined as the study of the effects of                             
toxic and chemical substances on ecosystems (Walker et al., 2012). It is related to the subject                               
of detecting harmful chemicals in plants and animals as well as its effects on the general                               
ecosystems´s  population. 
This project will focus on the chemical effects on the organisms ​T. tubifex ​and ​P.                               
antipodarum​. Within ecotoxicology, the main focus is on the connection between the nature of                           
chemicals, exposure period, quantity or dosage, and the degree of the effects on the given                             
organism. Harmful chemicals and substances may easily disrupt and affect the populations,                       
through molecular interactions occurring with the pollutants which can lead to biochemical and                         
physiological changes.  
 
3.2.2 Effect Concentration (EC​50​) 
The EC​50 ​is the concentration of a toxicant in which there is an observable effect on                               8
50% of the population tested on (Lefers, 2004). It is therefore widely used as a measure of the                                   
potency of the particular toxicant. ​In our experiments, we calculated the ​EC​50 ​value from the                             
data on the fecal production of ​T. tubifex and ​P​. ​antipodarum respectively, to analyze and                             
compare the degree of TCS’s effect on the organisms’ fecal production, and further, the                           
toxicity of TCS on the two organisms (See Fecal Production Results for calculations). 
If the EC​50 value is high, this means that 50% of the specific species of organisms                               
tested on are not severely affected by a given toxicant, since there must be an abundance of the                                   
certain toxicant in order for the organisms to show an effect. On the other hand, if the EC​50                                   
value is low, this in turn means that 50% of the organisms of the same species tested on are                                     
expressing an observed effect by even a small quantity of the toxicant. Therefore, the lower the                               
8 Keywords: toxicant (see glossary) 
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EC​50 value, the higher the potency of the toxicant, and the higher the value indicates that the                                 
given toxicant is less powerful.  
3.3 Persistence  
 
Persistent bioaccumulative toxic substances (PBTs) are chemicals that break down                   
slowly in the environment. PBTs accumulate in fatty tissues and are slowly metabolized, often                           
increasing in concentration within the food chain. 
In the environment, many chemicals are degraded by sunlight, destroyed through                     
reactions with other environmental substances, or metabolized by naturally occurring bacteria.                     
Some chemicals, however, have features that enable them to resist environmental degradation.                       
They are classified as “persistent” and can accumulate in soil and aquatic environments. Those                           
that can evaporate into air (volatilize) or dissolve in water can migrate considerable distances                           
from where they are released. The structural characteristics that enable a chemical to persist in                             
the environment can also help it to resist metabolic breakdown in people or wildlife.                           
(Burkhard, 2003) 
3.4 ​Bioaccumulation and Biomagnification   9
Bioaccumulation involves the accumulation of a toxic chemical compound in biota, in                       
higher concentrations than in the surrounding environment (​U.S. Geological Survey, 2007)​. It                       
is a process conditioned by many parameters, a few examples including: the concentration of                           
this compound in the environment, the biodegradation of it, the ​K​ow partition value and its                             
solubility, amongst others. A compound like TCS has a high risk of bioaccumulation due to its                               
lipophilic properties, and various studies have already shown that it bioaccumulates in fish and                           
snails. (​Norwegian Scientific Committee for Food Safety, 2015; Coogan and Point, 2008).  
Furthermore, bioaccumulation may be followed by biomagnification, which would not                   
only harm the contaminated organisms, but it would damage the whole ecosystem. In other                           
words, biomagnification would provoke the trophic level of the organisms which directly                       
9 Key words: biota, biodegradation, biomagnification, lipophilic properties, trophic level ( see glossary)   
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ingested the toxicant, and further, the concentration would increase at each level of the food                             
chain.   
 
Octanol water partition constant ( K​ow​ ). 
The definition of K​ow​, which is important in the understanding of bioaccumulation,                       
which ​“is the ratio of the concentration of (a given) chemical in octanol relative to the                               
concentration of the chemical in water, when the octanol and water phases are in                           
equilibrium.”​ (Schwarzenbach, 2003). 
K​ow ​= C​octanol​/C​water 
C​octanol​ =  molar concentration of the organic compound in the octanol phase. 
C​water​ = molar concentration of the organic compound in water phase.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
3.5 The Organisms 
 
Invertebrates do not have an internal skeleton made of bone and lack the presence of a                               
vertebral column. They are usually found to have either a fluid filled hydrostatic skeleton or a                               
hard outer shell such as the case with crustaceans and insects (​Kidport, 2012​). Being animals,                             
invertebrates are heterotrophs, and require sustenance in the form of the consumption of other                           
organisms and/or organic sediments (Huff April et al., 2001; ​Pechenik Jan, 1996​). 
 
There are 8 main phyla within the group of invertebrates (​Kidport, 2012​): 
 
Porifera – Phylum of Sponges 
Cnidaria – Phylum characterized by stinging cell organisms such as Jellyfish and Corals 
Platyhelminthes – Phylum of flatworms which is the simplest animal with bilateral system such                           
as tapeworms 
Nematode – Phylum of unsegmented worms such as clam worms and tubeworms. 
Annelida – Phylum of segmented worms such as Earthworms and Leeches 
Mollusca – Phylum that includes soft­bodied animals with a mantle such as Clams and Snails 
Arthropod – Phylum that includes animals with jointed appendages and an exoskeleton such as                           
Spiders and Crabs 
Echinodermata – Phylum of spiny skin organism such as Starfish and Urchin  
 
Invertebrates are essential elements of aquatic ecosystems. Some of the key species in                         
aquatic ecosystems are the Molluscs, Insects, Crustaceans and Annelids. In this report, we will                           
be focusing on the two phyla Annelida ­ ​T. tubifex ​and Mollusc ​­ ​P​. antipodarum as deposit                                 
feeders. Deposit­feeders may be important in facilitating the removal of organic contaminants                       
from bulk sediment. ​Deposit feeders pass mud, water, sand and sediments into their mouths                           
using mucous nets or mucus covered tentacles ​(Huff April et al., 2001). Through this process,                             
organic material is removed and digested, by passing through the gut of the organism. 
As mentioned previously, TCS tends to accumulate in sewage sludge allowing a study                         
of the relationship between uptake routes, water versus sediment and toxicity in the two                           
species. The effects of chemicals in terms of sub­lethal effects, in the two given species,                             
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include disruption of physiological processes such as growth, reproduction, behaviour and                     
morphological changes. ​P. ​antipodarum has been shown to be affected by chemicals with                         
endocrine disruptive potential such as bisphenol A, organotins, estradiols, alkylphenols, UV                     
screens or fadrozole (Huff April, et al., 2001; Zounkova Radka et al., 2014). 
 
3.5.1​ P. antipodarum 
One of the organisms used in the experiment is the ​P. antipodarum​. Below is a table (Grey,                                 
1853) representing the taxonomy of the organism:  
Phylum  Mollusc 
Class  Gastropod 
Order  Neotaenioglossa 
Family  Hydrobiidae 
Genus  Potamopyrgus 
Species  Potamopyrgus antipodarum 
Table 1. ­ Taxonomy of ​P. antipodarum 
Habitat 
Mudsnails prefer to live in streams and littoral zones of lakes. The species, euryhaline                           10
meaning that the organisms are able to a wide range of salinities, grow in disturbed watersheds                               
and can establish population in fresh and saltwater (Collier, 1998). 
 
Physical Description 
Mudsnail ​P. antipodarum is a shelled organism that can be either gray in color or some                               
shade of light to dark­brown. Male and female mud snails have similar physical appearance but                             
the difference is that the mudsnail female can develop the presence of embryos in their                             
reproductive system (Alonso et al., 2008).  
10 Key words: littoral zones, embryos (see glossary)  
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Figure 2: ​P. antipodarum​ in its aquatic habitat. Mrkvicka, A. 2014.  
Development 
The snail is ovoviviparous, meaning that the development of embryos in their eggs                         
actually occurs within the female and then the female gives birth to the young snails (Cosier et                                 
al., 2010). 
 
Reproduction 
Reproduction of mud snail occurs every three months. Female reach sexual maturity at                         
shell length of 3 mm and produce approximately 230 young snails per year (Benson et al.,                               
2009). 
 
Life span 
P. antipodarum can survive under laboratory conditions over one year, and in natural                         
conditions their survival is unknown (Gustafson et al., 2004). 
 
Behavior 
Mudsnails manifest a positive rheotactic behavior − they tend to crawl against the                         
current in the flowing water (Alonso et al., 2008). 
 
Food nutrition 
Mudsnails are considered grazers and their diet consist in diatoms, animals and plant                         
detritus (Benson et al., 2009). 
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Predation 
The mudsnail is known to survive passage through the digestive tracts of some birds                           
and fish, including mountain whitefish and rainbow trout (Levri et al., 1996). 
 
Ecosystem Roles 
In their freshwater ecosystems, mudsnails occupy the role of grazers and are considered                         
to be linked between primary producers and fish. They can exist in extremely high densities                             
and may be comprised of more than 90% of macroinvertebrate biomass in introduced habitats                           
(Gustafson et al., 2004). 
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3.5.2 ​T. tubifex 
 
The second organism used for the experimental study, is the ​T. tubifex​. Below is a table 
(Mueller, 1774) of the organism´s taxonomy:  
 
Phylum  Annelida 
Class  Clitellata 
Order  Oligochaeta 
Family  Tubidificae 
Genus  Tubifex 
Species  Tubifex 
                                    Table 2. ­ Taxonomy of ​T. tubifex​. 
 
T. tubifex​, or also called sludge worms, are a species of freshwater worms that are often                               
indicators of high levels of water pollution. 
 
Figure 3. ​T. Tubifex​ in habitat, in a pond in Zaragoza. Constantino Escuer 2012© 
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Habitat 
T. tubifex is a freshwater oligochaeta that lives in places with heavy organic pollution,                           
that would be extreme for other invertebrates. They prefer intense sedimentation, shallow to                         
deep oligotrophic or eutrophic waters and can resist high concentrations of salt in the water. It                               11
has been found in Europe and North America, among others. (Spica, 2013)  
 
Physical Description 
This freshwater worm can be 20­200 mm long, is divided into segments and are red                             
when they reach sexual maturity. (Pinder and Brinkhurst, ​2000) 
 
Development and Reproduction 
The life and reproductive cycles and the growth rate vary over a wide range in the ​T.                                 
tubifex.​ The possibility of genetic variants is being studied. ​(Spica, 2013)  
 
Life span 
T.tubifex​ can survive under laboratory conditions over one year, in natural conditions, 
their survival is unknown ​ (​Gustafson et al., 2004). 
 
Food nutrition 
Sludge worms ingest sediment and acquire the nutrients they need from it. In the                           
food­chain, they are the link between sediment (with the toxic substances it may contain) and                             
fish. 
 
Ecosystem Roles 
This species is very important for the environment, since it helps to ‘clean’ these                           
marginal sites they inhabit, as well as to indicate where water deposits are polluted. They are                               
widely used to test the toxicology of compounds. (Wiederholm, 1987)  
 
11 Key Words: oligotrophic, eutrophic 
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3.6 Gas Chromatography­Mass Spectrometry (GC/MS) 
Gas Chromatography­Mass Spectrometry is a widely used analytical tool for research                     
in laboratories (McMaster, 2007). It combines Gas Liquid Chromatography (GC), which                     
separates the components of a mixture of compounds, and Mass Spectrometry (MS), which                         
detects and identifies the components. 
In this experiment, we used the GC/MS for analyzing the TCS concentrations in our                           
sediment samples before and after the experiment as well as the tissue samples for ​T. tubifex                               
and ​P. antipodarum​. 
 
General Overview  
The sample is injected into the Gas Chromatograph, where it is volatilized. The                         
volatility of each component depends on its boiling point ­ thus, polarity and size. These                             
properties influence the amount of time required for a compound to reach the Mass                           
Spectrometer ­ the smaller and more polar a compound, the faster it arrives to the MS. ​The                                 
retention time is the duration of the fraction of molecules spent in the stationary phase before                               
reaching the MS. At the detector, the different analytic peaks from the chromatogram are                           
measured. By analyzing the chromatogram the retention time can be detected (Niessen et al.,                           
2001). 
In the Mass Spectrometer, the separated components ­ in the gaseous state ­ effluent                           
from the chromatograph are ionized, producing ion molecules. This is an advantage as it                           
prevents the analyzed molecules from being degraded by the high temperatures. Ionization of                         
the analytes is performed in 2 ways, either chemically or electronically. As ions are produced,                             
they are separated according to their mass ion ratio, or M/Z ratio. (Grob et al., 2004) 
 
Components of the Gas Chromatography (GC)​ (Niessen et al., 2001) 
The GC consists of the following elements: 
1. Gas control unit 
2. Sample introduction injector 
3. Column 
4. Detector 
22 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
Components of the Mass Spectrometry (MS) ​(Niessen et al., 2001) 
The MS is a computerized mechanism, consisting of 5 instruments: 
1. Sample introduction 
2. Ionization 
3. Mass analysis 
4. Ion detection 
5. Data handling 
 
Figure 4: Visual representation of the GC­MS Machine. (​Atmospheric Chemistry ​Lagzi et al., 2013) 
 
The gas control unit (carrier gas) is responsible for the control of the flow of gas                               
through the injector, which contains a tank full of carrier gas. The carrier gas used is either                                 
helium, hydrogen or nitrogen. Before using the carrier gas, it is necessary to clean the gas;                               
removing oxygen, water and hydrocarbons, as the presence of carrier gas has a damaging                           
effect on the stationary phase. (​Niessen et al., 2001) 
The sample is introduced by the injector which is a crucial step in the GC process. The                                 
sample is injected in a narrow band at the top of the column: an open capillary column is                                   
applied in the GC/MS operation and placed in the oven. The length is between 10­100 m and                                 
the  diameter varies between 0.25­0.53 mm. (​Niessen et al., 2001) 
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4. Methodology 
The following pages contain the experimental methods used in our experiments. These                       
include step­by­step processes of: sediment and media preparation, an analysis of the organic                         
content of the sediment, the initiation, termination and process of the experiment with our                           
organisms, the chemical extraction of our samples (tissue and sediment) and the chemical                         
analysis, using the GC/MS.  
4.1 Preparing the Sediment 
In this experimental study, sediment from the coastal location Munkholm Bro was collected 
using fine­masked nets.  
 
4.1.1 Collecting the Sediment 
1. Nets were swept across the sandy bottom, avoiding rocks, seaweed and shells. 
2. Sediment was collected in large buckets and excess water was drained once the 
sediment had settled in the buckets. 
 
Figures 5 and 6: collecting sediment samples at Munkholm Bro, Dk.  
 
4.1.2 Sieving the Sediment 
1. Larger particles were separated from the sediment by processing samples through 
sieves; the process involved sieving the sediment through a 250 μm sieve and 
furthermore, a 125 μm sieve using demineralized water. 
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2. Once the mixture of water and sediment had been collected, it was left to settle for 1 
week.  
3. Excess water was removed through the process of syphoning.  
4. After the majority of the water had been removed, the sediment was placed in plastic 
zip lock bags and frozen. 
 
4.1.3 Washing the Sediment  
1. Once frozen, the sieved sediment was taken out of the freezer. 
2. The sediment was thawed, removed from the ziplock bags and added to two 
different buckets ­ one for ​P. antipodarum​ and one for ​T. tubifex​. 
3. The sediment was washed using the media, stirred and left to settle. 
4. Finally, the overlying media was removed.  
 
4.1.4 Sediment Analysis  
Dry Weight/Wet Weight 
1. Six empty crucibles were numbered and weighed. 
2. Wet sediment were added to the crucibles and weighed again.  
3. The six crucibles were heated at 105ºC for 24 hours. The wet sediments in the 
crucibles were dried and weighed again. 
 
 
Figure 7 and 8: Crucibles used for sediment analysis 
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4.1.5 Measuring Organic Content 
1. The vials with sediment ­ still containing organic content ­ were put into the oven, 
heated for 2.5 hours at 550°C and cooled for 30 minutes. 
2. Using a scale, the weights of the vials with sediment after heating ­ now without 
organic content ­ were then measured and recorded. 
3. The organic content in each vial was then calculated. 
 
4.1.6 Spiking the sediment 
This procedure is aimed to determine the effect of TCS on the reproduction and behaviour of                               
the tested organisms:  
1. The sediment was spiked with TCS to achieve different concentrations: 0, 20, 70, 100 
and 150 μg TCS/g sediment. 
2.​      ​A stock solution of 10,000 μg TCS/ml acetone μg was used to spike the sediment. 
3.​     ​The wet weight was calculated and turned out to be 60 g of sediment, which was added 
to beakers. 
4.​      ​0.002 μL of stock solution was added to achieve a concentration of 20 μg of TCS/g of 
sediment.   
5.​      ​A corresponding  0.12 mL of acetone was added to equalize the amount of it in all 
concentrations. Acetone was also added to the control, so the effect of it could be 
disregarded when looking at the results. 
6.   The amount of sediment containing the stock solution of TCS was transferred in glass 
beakers which were covered on top with parafilm and wrapped with aluminum foil. 
7.   The beakers were let in the shaking machine for 24 hours, for TCS to enter in the 
sediment. 
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4.2 Media Preparation ​(OECD guidelines, 1992) 
 
4.2.1 ​P. antipodarum 
 
1. According to the OECD guidelines, the required volume of a medium was to produce 
10 L, the listed ingredients were added to 1 L of water, each: 
a. Sodium Bicarbonate solution: 1.92 mg/10L NaHCO​3   
b. Potassium Chloride solution: 0.08 mg/10L KCl   
c. Magnesium Sulfate solution: 11.2 mg/10L MgSO​4   
d. Calcium Sulfate solution: 1.2 mg/10L CaSO​4​ ∙ 2 H​2​O   
   
2. As each ingredient was added, the mixture was shaken in order to dissolve all 
compounds before the addition of the next compound. 
3. 9 L of deionised water was added, resulting in a volume of 10 L in total. 
4. Once all ingredients had been added, the medium was left to aerate for 1 hour and left 
for 2 days. 
  
4.2.2 ​T. tubifex 
 
1. The following ingredients were used: 
a. Calcium chloride solution:  2.94 g CaCl2.2H20 
b. Magnesium sulphate solution: 1.23 g MgS04.7H20 
c. Sodium bicarbonate solution: 0.65 g NaHC03 
d. Potassium chloride solution: 0.058 g KCl 
 
2. Once the compounds had been weighed, 250 mL of deionised water was added to each 
compound mixture. 
3. The mixtures were furthermore added to a 10 L container and the remaining 9 liters was 
filled up with deionised water. 
4. The medium was left to aerate for 1 hour and left for two days. 
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4.3 Experiment with Organisms 
 
4.3.1​ T. tubifex 
1. The ​T. tubifex​ were divided into groups of four. 
2. The specimen were dried slightly by being placed on a paper towel. 
3. Four specimen were dried and labeled (in small containers of clean media). 
4. Approximately 10 grams of the wet spiked sediment was added to the small beakers, 
three replicates were done for each concentration. 
5. About 1 to 2 centimeter of clean media was added to the beaker. 
6. Specimen were added to the beaker and closed with lids containing holes that fit the 
aeration tube. 
7. Next, the specimen were brought to beakers in the climate room (set at 17°C) to and 
aeration tubes were placed in the beaker holes.  
8. Once this set up was complete, the air pump was turned on and the beakers were 
observed to ensure that all the tubes were adding air to each beaker. 
9. Lastly, the alarmed light was turned on for the 16 hours of light and 8 hours of dark. 
4.3.2 ​P. antipodarum 
 
 1. The specimen were separated into groups of four. 
   2. The four specimen were weighed and labeled (in small containers of clean medium). 
   3. Approximately 35 grams of the wet spiked sediment were added to the larger 
             beakers − three replicates were done for each concentration.   
   4. Around 3 to 4 centimeters of clean medium were added to the beaker. 
   5. Specimen were added to the beaker and covered with parafilm to slow down the  
evaporation process and to stop the organisms from escaping. 
   6. The specimen beakers were brought down to the climate room to insert the aeration  
tubes through the parafilm and again, the room was set to 17°C.  
   7. Once the above mentioned were set up, the air pump was turned on and the beakers  
were observed to ensure that all the tubes were adding air to each beaker. 
             8. The same light apparatus used for the setup of ​P.antipodarum​ was used. 
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Experimental Setup 
For the experimental setup, an air pump and aeration tubes were led into the beakers and tubes 
for the two organisms. Aeration levels were adjusted so that the bubbles were minimal in order 
to prevent disruption of the sediment, burrowing and general behavior of the ​T. tubifex​ and ​P. 
antipodarum.  
 
 
Figure 9: Aeration setup for the ​P. antipodarum. ​Aeration tubes were held in place with pieces of parafilm. 
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Figure 10: Aeration setup for the ​T. tubifex. 
 
 
Figure 11: Experimental setup for ​T. tubifex.​ The lamp in the background imitated the night and day light exposure to 
the organisms.   
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4.4 Terminating the experiment 
 
4.4.1 ​T. tubifex  
1. The fecal layer for each container was measured and recorded with a sliding ruler, and 
the qualitative data was noted, including: the color of the water and transparency. 
2. The overlying liquid was removed with a Gilson P100 pipette – this was done carefully, 
without disrupting the sediment. 
3. The overlying liquid was transferred to a 15 mL centrifuge tube, and stored in the 
freezer. 
4. The components of the sample were transferred from the sample beaker to a glass petri 
dish, and collected the specimen. They were placed into clean medium and after 24 
hours, the specimen were dried, weighed and stored in Eppendorf tubes in a freezer. 
5. Returning to the sediment: they were collected from the petri dish into a 50 mL 
centrifuge tube. It was furthermore centrifuged as many times as possible to compress 
the sediment into the tube. 
6. When the sediment was compressed, they were centrifuged at 4000 RPM for 10 
minutes, and water was removed. 
7. Finally, the tubes were stored in the freezer. 
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4.4.2 ​P.antipodarum 
1. The qualitative data was recorded, which included: color of the water and transparency. 
2. The overlying water was removed with a Gilson P100 pipette – this was done carefully 
in order to prevent the sediment and water from mixing. 
3. Water was transferred to a 15 mL centrifuge tube, and stored in the freezer. 
4. Furthermore, the combined media and sediment was transferred from the sample beaker 
to a glass petri dish. 
5. The specimen were collected with tweezers, and placed into Eppendorf tubes which 
were then stored in a freezer. 
6. The sediment was then​ sieved using a 125 μm to isolate the larger fecal pellets, and 
collected in a large glass petri dish. 
7. The fecal pellets were collected, by using a paper template of a circle divided into 6 
parts, placed below the glass petri dish, and counted two of the divisions under the 
microscope. This value was then multiplied by 3 in order to get an estimation of the 
total number of fecal pellets. 
8. The sediment was collected from the petri dish into a 50 mL centrifuge tube. The 
sediment was centrifuged as many times as possible in order to compress the sediment 
into the tube. 
9. The sediment was centrifuged at 4000 RPM for 10 minutes, and the water was removed 
after centrifugation. 
10. Finally, the​ tubes were stored in the freezer. 
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4.5 Dissection of ​P. antipodarum 
We were interested in knowing how much TCS had accumulated in the tissue of the organisms 
as well as their growth rate. For this investigation, we needed to remove the shell to acquire the 
intestines for analysis, and furthermore, weigh them.  
 
Steps: 
1. The shell was crushed. 
2. The tissue in the shell was taken out with the help of tweezers, a thin stick­like utensil 
and a microscope. 
3. The entire contents of the tissue was collected in an Eppendorf tube, which was to be 
used for further analysis. 
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4.6 Chemical Extractions 
 
4.6.1 PAHs in Tissue with QuEChERS Extraction and GC/MS 
Determination 
First, the tissue was dissolved: 
1. After having collected the materials, the 30 Eppendorf tubes with tissue samples                       
containing: 15 tissues of ​P. antipodarum and 15 tissues of ​T. tubifex respectively; tissue                           
from one tube was pulled out using a pair of tweezers, and transferred it into a glass                                 
centrifuge tube. 
2. 2 mL of Acetonitril (MeCN) was added using Gilson P1000 pipette . 
3. 30 μL of ​Phenanthrene D​ was added using Gilson P100 pipette. 
4. Samples were sonicated 15 minutes. 
5. Sample were rested for 5 minutes. 
6. Samples were Whirlmixed. 
­ Steps 4­6 were repeated until sample was dissolved. 
7. Sample was centrifuged at 4000 RPM for 5 minutes. 
Then, the tissue was extracted: 
8. 1 mL of dissolved sample was transferred to QuEChERS mini tube. 
9. The QuEChERS mini tube was shaken in hand for 1 minute and centrifued at 4000                             
RPM for 5 minutes. 
10. Sample was transferred to GC/MS vial with inner tube. 
11. Steps 1­11 were repeated for all 30 tissue samples of ​P. antipodarum and ​T. tubifex​,                             
respectively. 
 
 
 
 
 
34 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
4.6.2 PAHs in Sediment with QuEChERS Extraction and GC/MS                 
Determination 
1. 30 large eppendorf tubes containing sediment samples were collected, which were the                       
habitats of ​T. tubifex​ and ​P. antipodarum​, respectively, during the 4 days of aeration. 
2. 5 g of a sample was weighed, recorded the exact mass in grams, and transferred to one                                 
QuEChERS large tube. 
3. 38 μL of ​Phenanthrene D was added​ to sample using Gilson P100 pipette. 
4. 5 mL MilliQ water was added, and shaken by hand for 1 minute. 
5. 10 mL Acetonitril (MeCN) was added, and shook by hand for 1 minute. 
6. QuEChERS Ex. Packet (5982­5650) and ceramic homogenizer were added. 
7. Sample was shaken for 1 minute, then centrifuged at 4000 RPM for 5 minutes. 
8. 6 mL of aliquot was transferred to QuEChERS dSPE tube (small tube). 
9. This tube was shaken for 1 minute, then centrifuged at 4000 RPM for 5 minutes. 
10. MeCH (chemical name of aliquot after centrifugation) was transferred to GC/MS vial,                       
using a pasteur pipette. 
11. Steps 2­10 were repeated for all 30 sediment samples of ​P. antipodarum ​and T. tubifex                             
individually, as well as for the 5 samples with the start concentrations (sediment                         
without having had organism habitation, with the concentrations: 0, 20, 70, 100, 150                         
TCS μg/g sediment).  
4.7 Chemical Analysis 
1. The vials with tissue and sediment extractions were put into the GC/MS and run for 72                               
hours (3 days). 
2. Results from the GC/MS showing TCS content were analyzed.  
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5. Results  
 
Once the experimental part of this project was completed and the samples were run through the                               
GC/MS, we obtained data that had to be organized and processed so it was relevant for this                                 
projects´ purpose. For that reason, we chose three qualities including: persistency, toxicity and                         
bioaccumulation. 
 
5.1 GC/MS Data 
This section will be presenting the concentrations of TCS found in the two organisms used                             
after the experimental period, in both sediment and tissues.  
 
5.1.1 ​T. tubifex​ Tissue  
 
It can be observed that the largest amounts of TCS were found in the sediment samples                               
spiked with TCS concentrations of 100 μg/g sediment (see Fig. 13). The average TCS                           
concentration measured for this spiked concentration was 621.03 μg/g of tissue ​after the 5­day                           
experimental period. The lowest TCS concentration of 2.56 μg/g tissue were found in samples                           
with 0 μg/g of sediment. Similarly, samples A, B and C spiked with concentrations of 20 μg                                 
TCS/g sediment show a low average concentration of 6.97 μg/g of tissue (See Appendix 2.1 for                               
raw data). 
The replicates A, B and C spiked with 70 μg TCS/g sediment show an average TCS                               
concentration of 8.5 μg/g tissue. The samples A, B and C spiked with a TCS concentration of                                 
150 μg/g sediment show an average TCS concentration of 77.89 μg/g tissue (See Fig. 12).  
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Figure 12: This graph shows the amount of TCS found in the tissue of the ​T. tubifex​.  
 
5.1.2 ​P. antipodarum ​Tissue 
 
Below is a visual representation of the amount of TCS in the tissue of ​P. antipodarum                               
(see Fig. 14). For the samples spiked with concentrations 100 TCS μg/sediment and 150 TCS                             
μg/g sediment, we can see very high concentrations of TCS μg/g of tissue were yielded. Our                               
data also shows insignificant levels of TCS for sample concentrations of 0, 20, and 70 TCS                               
μg/g sediment. Data point A in concentration 20 μg/g sediment was not available for analysis                             
(See raw data in Appendix 2.1). 
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Figure 13. shows the amount of TCS content in the tissue of ​P. antipodarum​ after sample was put through the 
GC/MS machine. 
 
5.1.3 ​T. tubifex​ Sediment  
 
The TCS concentrations in the sediment samples of ​T. tubifex after the experiment                         
seem to decrease tremendously compared to the initial concentrations applied (See Fig. 14).                         
This only complies to the spiked concentrations besides the 0 TCS μg/g sediment, which we                             
unexpectedly observed to have an increase of 2.4 TCS μg/g sediment after the experiment. The                             
sample spiked with 20 TCS μg/g sediment turned out to decrease to 14.44 μg/g sediment.                             
Moreover, the spiked TCS concentration of 70 TCS μg/g sediment declined to 18.67 μg/g                           
sediment, and the spiked concentration of 100 μg/g sediment fell to 9.73 μg/g sediment.                           
Finally, the samples spiked with the highest concentration of 150 TCS μg/g sediment                         
decreased to 17.48 TCS μg/g sediment. 
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Figure 14. This graph represents the TCS content in the sediment of ​T. tubifex​, where the manipulated TCS 
concentrations are on the x­axis, and the TCS concentrations after the experiment are on the y­axis. 
 
5.1.4 ​P. antipodarum​ Sediment  
Fig. 16 shows us the concentration of TCS found in the sediment for ​P. antipodarum                             
after the experiment. The sample concentrations of 20 TCS μg/g sediment obtained the highest                           
concentration of 35.7 TCS μg/g sediment, followed by sediments spiked with TCS                       
concentration of 0 and 70 μg/g sediment. The lowest concentration were found in samples with                             
spiked concentrations of 100 and 150 TCS μg/g sediment. The concentrations of the samples                           
after the experiment showed a discontinuous increase in the concentration of TCS for the                           
samples 0, 20, 70 TCS μg/g sediment and a decrease in samples 100 and 150 TCS μg/g                                 
sediment (See Fig. 15). 
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Figure 15. TCS content in ​P. antipodarum​ sediment after the experiment in TCS μg/g sediment. 
 
 
5.1.5 Overview of Percentage Change of TCS Concentration in Tissue and                     
Sediment After Experimental Period 
 
Below is a table showing the respective data results for the TCS concentration for each                             
spiked sediment samples. The percentages show how much of the TCS remained in the tissue                             
and sediment, after the experimental period. That is, 100% represents the initial spiked                         
concentration of TCS; for instance, the obtained value of 50 μg TCS/g sediment for the                             
samples spiked with 100 μg TCS/g sediment would mean 50% of the TCS initially applied,                             
remained in the sediment after the experiment. It was assumed that there is a TCS                             
concentration of 0 μg/g tissue in the tissue of the organisms before the initiation of the                               
experiment. 
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Sample  T. tubifex  P. antipodarum 
0    
Tissue: increased by 2.56 
μg 
  
  
Tissue: 0 % 
  
  
Sediment: increased by 
2.4 μg 
  
  
Sediment: increased by 25.6 
μg 
20    
Tissue: 34.85% 
  
  
Tissue: 0 % 
  
  
Sediment: 72.20 % 
  
  
Sediment: 178.75 % 
  
70    
Tissue: 12.14 % 
  
  
Tissue: 0 % 
  
  
Sediment: 26.67 % 
  
  
Sediment: 40.27 % 
  
100    
Tissue: 621.03 % 
  
  
Tissue: 3 % 
  
  
Sediment: 9.73 % 
  
  
Sediment: 0.59 %  
  
150    
Tissue: 51.93 % 
  
  
Tissue: 1.33 % 
  
  
Sediment: 11.65 % 
  
  
Sediment: 4.59 % 
  
Table 3. TCS percentage remaining  in sediment and accumulating in the tissue, after experiment. 
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Unexpected results were yielded, as shown on the graph (Fig. 15), where the concentration of 
TCS increased in the control of 0 TCS μg/g sediment. (See Evaluation in section 8) 
5.2 Bioaccumulation of TCS in ​T. tubifex​ and ​P. antipodarum 
Bioaccumulation depends on the concentration of the chemical substance and duration                     
of the exposure. In our experiment, the duration of exposure was 5 days with different                             
concentrations of TCS, exposed to the organisms through the contaminated sediment. The                       
bioaccumulation factor is the ratio of the concentration of TCS in the organisms’ tissue divided                             
by the initial concentration of the TCS, using the following equation: 
BAF = (tissue concentration TCS /initial concentration of TCS) 
 
 
Table 4: shows the BAF calculations for the ​P.antipodarum. ​The first average concentration in tissue (0 μg/g tissue), 
shows the average for the sediments spiked with TCS of 0 μg/g sediment, and the following average concentrations 
in tissues are averages of the sediments spiked with TCS concentrations 20, 70, 100 and 150 μg/g sediment 
respectively.  
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Table 5: shows the BAF calculations for the ​T. tubifex. ​The first average concentration in tissue (7.67 μg/g tissue) 
shows the average for the sediments spiked with a TCS level of 0 μg/g sediment, and the following average 
concentrations in tissues are averages of the sediments spiked with TCS concentrations 20, 70, 100 and 150 μg/g 
sediment, respectively.  
 
 
 
Figure 16. Graph showing the tissue concentration over the sediment concentration ­ ergo, the bioaccumulation 
factor.  
 
This graph shows the relationship between the TCS concentration in tissue and the TCS                           
concentration in sediment, after the 5­day experimental period. An exponential regression was                       
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made when ran through the best­fit line tool. We disregarded the result obtained for the fourth                               
concentration ­ which initially was 100 µg of TCS/g of sediment and the analyzed sample                             
showed 36.5 µg of TCS/g of sediment, in which this difference therefore showed that it was                               
definitely an outlier ­ it yielded an amount of 621.03 µg of TCS/g of tissue.  
A visual representation of ​P. antipodarum was not included, as the data did not follow a                               
pattern, which is therefore irrelevant to our purpose of the case study, however the possible                             
causes of the unexpected results are mentioned later in the report (See Evaluation in section 8). 
 
5.3 Persistence of TCS in the Sediment 
This section will be analyzing the concentration TCS in the sediment, before and after the 
experimental period. This will indicate the uptake and possible accumulation of the toxicant in 
the organisms. 
  
   
Figure 17: The above graph shows the concentration of TCS before the experiment (represented by the red bars) and                                     
the concentration of TCS after the experiment (represented by the blue bar), as an average for each given sample                                     
spiked with the 5 different TCS concentrations for the ​P. antipodarum​.  
 
From the analyzed data, we can see that there was a large increase in TCS                             
concentrations after the experiment for samples spiked with 0 TCS μg/g sediment. It rose from                             
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a TCS concentration of 0.63 μg/g sediment to 25.6 μg/g sediment. Generally there was a large                               
increase in the TCS concentration for sediment samples spiked with 0.20 and 70 μg/g sediment                             
after the experiment. The largest increase was found for the sediment sample spiked with 20                             
μg/g sediment; this showed an increase of 463%. For the sediment samples spiked with 100                             
and 150 μg/g sediment, we notice that there was a very minimal concentration of TCS left,                               
after the experimental period. Only 0.59 TCS μg/g sediment was left after the experiment, for                             
samples spiked with 100 TCS μg/g sediment and 6.88 TCS μg/g sediment for the samples                             
spiked with 150 TCS μg/g sediment.  
 
 
Figure 18: The above graph shows the concentration of TCS before the experiment (represented by the blue bars) and                                     
the concentration of TCS after the experiment (represented by the red bar), as an average for each given sample                                     
spiked with the 5 different TCS concentrations for the ​T. tubifex​.  
 
 
Based on the concentration of TCS after the experimental period, it is observed that for                             
sediments spiked with a concentration of 0 TCS μg/g sediment, there was a TCS concentration                             
of 0.63 μg/g sediment before the experiment and a concentration of 2.40 μg/g sediment after                             
the experiment. Generally, for sediments spiked with TCS concentrations of 0, 20 and 70 μg/g                             
sediment, the concentration of TCS was higher after the experiment compared to the                         
concentration before the experiment. For sediments spiked with TCS concentration of 100 and                         
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150 μg/g sediment, there was a large decrease in TCS after the experiment; for samples spiked                               
with 100 μg/g sediment of TCS, there was a 73% decrease in concentration and for samples                               
spiked with 150 μg/g sediment TCS, there was a 66% decrease in TCS (See figure 21).  
 
5.4 Toxicity  
Initially, we hypothesized that the concentration levels of 100 μg of TCS/g of sediment                           
and above, would be lethal to the organisms. Although no mortalities were observed in our                             
experiments, TCS was still found to have toxic properties since the organisms were affected on                             
a sublethal level. The parameters used for analysis of the sublethal effects were: growth rate,                             
behavior and fecal production. 
5.4.1 Growth Rate  
This section focuses on the relationship between TCS concentration and growth rate. If                         
the organism's weight increases, this could indicate that the organisms are feeding on the                           
sediment instead of avoiding it. If the organism’s weight decreased, it could indicate avoidance                           
behaviour towards the sediment, resulting in an overall weight loss.   
 
 
Figure 19: This graph shows the average weight for the​P. antipodarum before and after the experiment. It represents                                     
the average weight per specimen as opposed to per 4 specimen, using the same process as used for the​T. tubifex (See                                           
Appendix 1.1).  
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From the graph for the ​P. antipodarum (Fig. 19), it can be observed that for the samples                                 
with sediments spiked with 0 μg TCS/g sediment had an average weight of 0.015 g after the                                 
experiment. Comparing this result with the average weight of the organisms before the                         
experiment, a decrease of 17% is observed. For the samples with sediments spiked with a TCS                               
concentration of 20 μg/g sediment, showed an average percentage decrease of 53%.  
The average weight of the organisms before the experiment was 0.022 g for samples                           
with sediments spiked with a TCS concentration of 70 μg/g sediment. The weight after the                             
experiment showed a decrease of 24%. 
The results shown for the samples with sediments spiked with a TCS concentration of                           
100 μg/g sediment, showed an average weight of 0.016 g before the experiment and an average                               
weight 0.008 g of after the experiment. This meant there was a decrease of 50%. For the                                 
samples spiked with 150 μg TCS/g sediment, a percentage decrease of 6.1% was observed.  
 
 
Figure 20: This graph shows the average weights per sample (4 specimen in total) before and after the experiment.  
 
As opposed to the ​P. antipodarum growth rate, the ​T. tubifex shows a particularly                           
different pattern, namely there is an overall increase in growth of the organisms in each fixed                               
concentration of TCS μg/g sediment. In the 0 TCS μg/g sediment, the growth increased from                             
an average of 0.019 g to 0.037 g, therefore presenting an overall increase of 95%. As for the 20                                     
TCS μg/g sediment concentration, the growth rose from an average of 0.0173 g to 0.0224 g,                               
hence demonstrating a general increase of 29.5%. Furthermore, in the 70 TCS μg/g sediment,                           
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the growth elevated immensely with an increase of 41%, increasing from 0.017 g to 0.024.                             
Moreover, the growth in the 100 TCS μg/g sediment showed a slight increase of 5%, and the                                 
150 TCS μg/g sediment displayed a relatively minor increase of  32%. 
 
5.4.2 Behavioral Analysis of ​T. tubifex 
 
This section of the project will focus on the behavioral analysis in terms of burrowing                             
in the sediment after the 5­day experimental period for ​T. tubifex​. Three samples are analyzed                             
for each given concentration. ​T. tubifex create burrows in the sediment (See Fig. 21) in order to                                 
feed and as such, the amounts of burrows could indicate the organisms feeding patterns. If the                               
TCS has a negative impact on the ​T. tubifex​, it may create less burrows thereby avoiding the                                 
sediment as much as possible. In terms of the ​P. antipodarum ​we were unable to collect                               
sufficient behavioral data in terms of migration patterns and therefore, this parameter has been                           
disregarded.  
 
Figure 21: Sample A with sediment spiked with a TCS concentration 0 µg/g sediment. Here you can clearly see the 
abundant amount of burrowing made by the ​T. tubifex ​in the sediment​. 
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For sediment samples spiked at TCS concentration of 0 ​µg​, the following observations 
were made : 12
 
TCS Concentration 0 ​µg  Observations  
Sample A  For sample A with a concentration of TCS 0 
µg, observations showed extensive 
burrowing in the sediment. 
Sample B   For sample B with a concentration of TCS 0 
µg​, observations showed extensive 
burrowing in the sediment. 
Sample C  For sample C with a concentration of TCS 0 
µg​, observations showed the most extensive 
burrowing in the sediment compared to 
samples A and B. 
General Observation:   For the samples of the concentration of TCS 
0 ​µg​, an extensive amount of burrowing was 
observed.  
 
Table 6 ­ Burrowing behavior for samples with a TCS concentration of 0 µg 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12 All observations are documented in Appendix 4 
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For sediment samples spiked with a TCS concentration of 20 µg, the following 
observations were made: 
 
TCS Conc. 20 µg  Observations  
Sample A  For sample A with a concentration of TCS 
20 µg, observations showed many burrows 
in the sediment. 
Sample B    For sample B with a concentration of TCS 
20 µg, observations showed many burrows 
in the sediment. 
Sample C  For sample C with a concentration of TCS 
20 µg, observations showed many burrows 
in the sediment, similar to the previous 
sample A and B 
General Observation:   For the samples with a TCS concentration of 
20 µg, the general observations showed 
many burrows.  
Table 7 ­ Burrowing behaviour for samples with a TCS concentration of 20 µg 
 
For sediment samples spiked a TCS concentration of 70 µg, the following observations 
were made: 
TCS Concentration 70 μg  Observations  
Sample A  For sample A with a concentration of TCS 70 
µg​, observations show a lot of burrowing in 
the sediment 
Sample B   For sample B with a concentration of TCS 70 
µg​, observations show a lot of burrowing in 
the sediment as found in sample A 
Sample C  For sample C with a concentration of TCS 70 
µg​, observations showed minimal burrowing 
in the sediment 
General Observation:   For the samples with a TCS concentration of 
70 ​µg​, the general observations showed a lot 
of burrowing  
 
Table 8 ­ Burrowing behaviour for samples with a TCS concentration of 70 µg 
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For sediment samples spiked a TCS concentration of 100 µg, the following observations 
were made: 
 
TCS Conc. 100 ​µg  Observations  
Sample A  For sample A with a concentration of TCS 
100 ​µg​, observations showed very limited 
burrowing in the sediment. 
Sample B    For sample B with a concentration of TCS 
100 ​µg​, observations showed many burrows 
in the sediment. 
Sample C  For sample C with a concentration of TCS 
100 ​µg​, observations showed some burrowing 
in the sediment however, not to the same 
extent as in sample B. 
General Observation:   The observation made for TCS concentration 
100 ​µg​, showed very different results. 
 
Table 9 ­ Burrowing behaviour for samples with a TCS concentration of 100 µg 
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For sediment samples spiked a TCS concentration of 150 µg, the following observations 
were made: 
 
TCS Conc. 150 µg  Observations  
Sample A   for sample A with a concentration of TCS 
150 µg, observations show some burrowing 
in the sediment.   
Sample B    For sample B with a concentration of TCS 
150 µg, observations show some burrowing 
in the sediment 
Sample C  For sample C with a concentration of TCS 
150 µg, observations show some burrowing 
in the sediment however, a little less than 
found in samples A and B. 
General Observation:   For the samples of a TCS concentration of 
150µg, it was observed that there was quite 
an extensive amount of burrowing.  
 
Table 10 ­ Burrowing behaviour for samples with a TCS concentration of 150 µg 
 
5.4.3 Fecal Production  
 
After terminating the experiment with our organisms, the excreted feces were                     
measured. In the analysis of our data we used a widely utilized parameter, the ​EC​50​, that                               
indicates the toxicant concentration in which there is a harmful effect on 50% of the observed                               
population. In our case, our ​EC​50 will reveal the concentration at which the amount of                             
excretion ­ the feeding ability ­ is 50% of the potential excretion that would occur in a                                 
condition without TCS.  
 
5.4.3.1 Fecal Production of ​P. antipodarum 
The final component that was used to measure the degree of toxicity of TCS, was the                               
feeding ability of the organism, quantified by the number of fecal pellets excreted by ​P.                             
antipodarum in different TCS concentrations. If a negative effect was observed by processing                         
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our data – namely, a decreased number of fecal pellets as the concentration TCS was increased                               
– we can deduce that the compound has a toxic effect on ​P. antipodarum​. Below, are the tables                                   
and graphs displaying the number of fecal pellets that were found in the five TCS                             
concentrations we measured. 
 
Concentration (TCS μg/ sediment g)  Number of Fecal Pellets 
0  470.7 
20  400 
70  22 
100  12 
150  0 
 
Table 11: Average number of fecal pellets of ​P. antipodarum in five TCS concentrations. Contains the averages of                                   
the raw data (See Appendix 1.2). The number of fecal pellets in the five different TCS concentrations were used to                                       
plot the graph (See Fig. 22) shown below.  
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Figure 22. This graph is a visual representation of the relationship between the number of fecal pellets and TCS                                     
concentration. 
 
There is a negative exponential relationship between the concentration TCS and the                       
number of fecal pellets. We observed a relatively high number of fecal pellets in low levels of                                 
TCS, which shows that the ​P. antipodarum were able to metabolize and therefore somewhat                           
tolerate an environment containing a low concentration of TCS. However, the number of fecal                           
pellets significantly decreased as the concentration was increased. In low TCS concentrations                       
of 20 TCS μg/sediment g to 70 TCS μg/sediment g, the number of fecal pellets dropped from                                 
400 to 22. In the higher TCS concentrations, the number of fecal pellets fell to 12 at 100 TCS                                     
μg/sediment g and further declined to a solid 0 at the highest concentration of 150 TCS                               
μg/sediment g. The R​2 value turned out to be 0.9533 which is an R​2 ​> 0.95, and therefore our                                     
data fits an exponential pattern remarkably well; hence, we can deduce with a high level of                               
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certainty, that there is a strong correlation between TCS concentration and the number of fecal                             
pellets of ​P. antipodarum​.  
The ​EC​50 was calculated using the equation of the exponential line of the data (See                             
Table 1) displayed in the graph (See Fig. 25). The value for “y” was inserted, as half of the                                     
maximum y­value in the data which is the maximum number of fecal pellets, to find “x” which                                 
is the TCS concentration. 
 
The equation of the exponential line: y = 831.68 × e​­0.0453x  
Maximum y­value: 470.7 fecal pellets 
Half of maximum y­value = “y”: 470.7/2 = 235.35 
 
Inserted 235.35 as “y”: 
235.35 = 831.68 × e​­0.0453x 
0.283 = e​­0.0453x 
ln(0.283) = ­0.0453x 
­1.2624 = ­0.0453x 
27.8 = x 
 
Through the calculation, the ​EC​50 was found to be 27.8 TCS μg/sediment g. This value is                               
marked on the graph (Fig. 22). 
5.4.3.2 Fecal Production of​ T. tubifex 
 
Concentration (tcs μg/sediment g)  Fecal Layer (mm) 
0  3.017 
20  2.35 
70  2.617 
100  1.917 
150  1.817 
Table 12: ​ Calculated (average) thickness of the fecal layers, for each concentration.  
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Figure 23. Calculated (average) thickness of the fecal layer vs. concentration of TCS in the sediment, for the                                   
concentrations: 0, 20, 100 and 150 (μg tcs/μg sediment). 
 
This graph is a visual representation of the data presented in the table (Table 12). We                               
plotted the thicknesses of the fecal layer versus the concentration TCS in the sediment, to see if                                 
higher concentrations of TCS affected the excretion ­ and therefore, the feeding rate ­ of ​T.                               
tubifex​. We see that as the concentration increases, the fecal layer thicknesses decrease. 
We expected to see a decreasing exponential function, and for that reason we chose to                             
do an exponential regression. The resulting model doesn’t seem to be very accurate. We                           
suspect that there may have been some problems in the procedure, since the results for the                               
concentration of 70 TCS μg/g sediment are far from what we expected, as they are too high.                                 
That is why we decided to graph the results excluding the result for that concentration we                               
regarded as an outlier. 
A deeper analysis of the acquired data involves the calculation of the ​EC​50 ­ done as                               
well for the data of the ​P. antipodarum​. The calculations are shown below: 
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The equation of the exponential line: y = 2.4164 × e​­0.002x  
Maximum y­value: 3.017 mm 
Half of maximum y­value = “y”: 3.017/2 = 1.5085 
 
Inserted 1.5085 as “y”: 
1.5085 = 2.4164 × e​­0.002x 
0.624 = e​­0.002x 
ln(0.624) = ­0.002x 
­0.471 = ­0.002x 
235.58155 = x 
 
Thus, the EC​50​ for ​T. tubifex​ ­ according to our equation ­ is approximately 235.58 μg TCS/g of 
sediment. In other words, at this concentration of TCS, half of the population would be 
affected in terms of their fecal production. 
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6. Discussion 
 
6.1 GC/MS Data 
​This section includes the discussion of the results from the GC/MS samples of tissue                             
and sediment, which measured the concentration of TCS in them.  
 
6.1.1 ​T. tubifex​ Tissue and Sediment 
 
For the samples spiked with TCS concentrations of 20 and 70 µg TCS/g sediment                           
before the experimental period, showed a decrease in TCS concentration in the sediment. This                           
could indicate that biodegradation occurred in the ​T. tubifex​. More specifically, we can see that                             
the level of TCS in the samples spiked with 70 µg TCS/g sediment had decreased more than in                                   
the samples spiked with 20 µg TCS/g sediment. This could suggest that with a higher TCS                               
concentration, a larger percent of the TCS is broken down by the organisms.  
Sediment samples with starting TCS concentrations of 0 µg TCS/g sediment showed an                         
increase in concentration which is quite unexpected. It could be argued that this was due to                               
pre­contaminated sediment from the collection site or cross contamination as a consequence of                         
imprecise chemical extraction or failure to exchange pipetting tips.  
As for the tissue samples, the sediment in it spiked with 100 µg TCS/g sediment                             
showed an extremely increased value of 621.03 TCS µg/g tissue. As it is unlikely that ​T.                               
tubifex produced TCS in its tissue, we can deduce that this odd value can be due to the                                   
accidental rearrangement of samples. Generally, the sediments spiked with 20, 70 and 150 µg                           
TCS/g sediment, decreased, thereby suggesting the process of biodegradation occurring.                   
Besides the fact that TCS start­concentration of 0 µg/g sediment increased, the other                         
concentrations decreased drastically for the sediment samples. This could indicate that ​T.                       
tubifex were able to biodegrade the TCS. For the sediment spiked with TCS concentration                           
levels of 100 µg TCS/g sediment, we assume that the data point for the tissue is an outlier as                                     
the decrease was too extensive.  
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Comparison of Triclosan Content in Tissue and Sediment of  ​T. tubifex 
 
In our results, we can see that there was a low amount of TCS in the tissue of the                                     
organism for the samples with sediments spiked with 0, 20 and 70 µg TCS/g sediment. This                               
could indicate that the ​T. tubifex ingested the sediment but only a small amount of TCS                               
accumulated in their body tissues. 
Studying the sediment samples spiked with 20 μg TCS/g sediment, we can see that the                             
majority (approx. 72%) of the TCS in the sediment remained in the sediment after the                             
experimental period. This corresponds to the low TCS concentration found in the tissue of the                             
organism. In sediment samples spiked with 150 µg TCS/g sediment, only 11.65% of the TCS                             
remained in the sediment whereas 51.93% of TCS was found in the tissue of ​T. tubifex​. The                                 
considerably greater presence of TCS in the tissue most likely signifies the idea that                           
bioaccumulation occurred in ​T. tubifex ​exposed to 150 TCS μg/g sediment. 
The sediment spiked with TCS concentration of 70 µg TCS/g sediment showed an                         
average of 26.7% of remaining TCS in the sediment after the experimental period. This could                             
indicate that the TCS was consumed and bioaccumulated in the ​T. tubifex​. However, as the                             
average TCS concentration in the tissue of the organism was found to be only 12.14 %, we can                                   
assume that the lost TCS must have been biodegraded.  
Overall, bioaccumulation and biodegradation most likely occurred in the ​T. tubifex.                     
Organisms exposed to 150 TCS μg/g sediment demonstrated the manifestation of                     
bioaccumulation, and biodegradation was seen in organisms exposed to 70 TCS μg/g sediment 
 
6.1.2 ​P. antipodarum​ Tissue and Sediment  
 
P. antipodarum​ Tissue  
In Figure 13, we can see the tissue in ​P. ​antipodarum ​showed no trace of TCS for                                 
concentrations 0, 20, or 70 µg TCS/g sediment. This result could indicate that after the                             
sediment with the mentioned TCS concentrations were exposed to the organisms, the TCS was                           
broken down or biodegraded in the organisms. These results could also be due to the failure to                                 
accurately collect the data, in terms of possibly losing some contents of the intestines while                             
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extracting the ​P. antipodarum tissue. This may be a positive result, as it could indicate that our                                 
hypothesis could be correct, seeing as there was less TCS in the tissue than they were exposed                                 
to, signifying biodegradation. 
The following two concentrations, 100 and 150 µg TCS/g sediment, showed very                       
different results. Figure 13 shows that at initial levels above 100 µg TCS/g of sediment, an                               
average of 4.5 µg TCS/g tissue was found. This meant that only 4.5% of the TCS in the spiked                                     
sediment was accumulated in the tissue of the organisms. This substantial drop of TCS in the                               
tissue from the concentration it was exposed to, could further demonstrate the occurrence of                           
biodegradation, however the comparison with the TCS amounts present in the sediment                       
samples must be done before this deduction can be accurately made. 
Although the graph shows a decrease in yielded TCS from the concentration level 100                           
TCS μg/g sediment to 150 TCS μg/g sediment, this could be due to other experimental errors                               
in the laboratory for instance: contamination whilst spiking the sediment or the organism                         
having been exposed to TCS prior to the experiment (See Evaluation in section 8).  
 
P. antipodarum ​Sediment 
For the concentration of 20 μg TCS/g sediment, we saw an increase of 15.75 μg TCS/g                               
sediment from the initial concentration. For spiked sediment with TCS concentration of 0 μg/g                           
sediment, we observed the highest TCS level increase for the given concentration, compared to                           
the data for the ​T. tubifex (tissue and sediment) as well as the ​P. antipodarum tissue. The                                 
concentration 100 μg TCS/g sediment showed the lowest average, compared to previous 100                         
TCS concentrations. These results could be due to several errors explained further in the report                           
. For the TCS levels of 70, 100 and 150 μg/g sediment indicates that the ​P. antipodarum has                                   13
consumed the sediment containing the TCS. This could furthermore indicate that the ​P.                         
antipodarum​ biodegraded the TCS.  
 
 
 
 
 
13 see evaluation and errors section  
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Comparison of TCS Concentrations in Tissue and Sediment of ​P. antipodarum  
 
The results for the ​P. antipodarum​, showed that no TCS was present in the tissue of the                                 
organisms for the sediments spiked with 20 or 70 TCS μg/g sediment. Examining the same                             
concentrations for the sediment samples, we can see that 175% and 40.27% of TCS,                           
respectively, remained in the sediment. This could suggest that the TCS did not bioaccumulate                           
in the organisms and that the TCS remained in the sediment. We can deduce it either                               
biodegraded entirely, or was excreted into the sediment without being degraded or broken                         
down.  
For the concentration of 100 TCS μg/g sediment, we saw concentrations of 0.59 μg                           
TCS/g in the sediment and 4.5 μg TCS/g of tissue. We furthermore saw that 3% of the TCS                                   
was found in the tissue and the sediment samples showed that only 0.59% of the TCS remained                                 
in the sediment after the experimental period. Despite the low figures, this data may indicate                             
that bioaccumulation, biodegradation as well as excretion of TCS that was not broken down,                           
occurred. Due to the overall low percentage of the concentration of TCS in the sediment, we                               
can assume that biodegradation was the main process involved in the decrease of TCS.  
For TCS concentration 150 TCS μg/g sediment, we obtained concentration of 6.88                         
μg/g sediment in the sediment and a concentration of 2 μg/g tissue in the tissue. Upon                               
analyzing this data further, we saw that 1.33% of the initial TCS concentration that the                             
sediment was spiked with, was found in the tissue of the organisms, whereas the sediment                             
analysis showed that 4.49% of the initial TCS concentration, remained in the sediment. This                           
could indicate that bioaccumulation only occurred to a minor degree compared to previous data                           
results. Biodegradation and excretion of TCS most likely occurred, since there was somewhat                         
more TCS present in the sediment compared with the tissue, thus these processes most                           
probably dominated over bioaccumulation.  
Taking into account the findings of the ​P. antipodarum previously mentioned,                     
biodegradation and excretion without the breakdown of TCS occurred more frequently than                       
bioaccumulation in the organisms. Bioaccumulation most likely occurred to a minor degree in                         
organisms exposed to 100 TCS μg/g sediment due to the higher level of TCS in the tissue than                                   
in the sediment, and bioaccumulation was also most probably manifested to a minor degree in                             
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organisms exposed to 150 TCS μg/g sediment due to the overall loss of TCS in the sediment. It                                   
however can be deduced that biodegradation was the predominant of processes, as only small                           
amounts of TCS was present continuously in all spiked sediments with the differing TCS                           
concentrations.  
 
6.2 Bioaccumulation factor ­ BAF 
As described in the Results (See section 5.2), the BAF for the ​T. tubifex ​followed an                               
exponential function. This means that the higher the concentration, the more TCS                       
bioaccumulated on the organism, increasing exponentially.  
If we were to relate this to the TCS effect on the fecal production, and calculate how                                 
much of the toxicant would accumulate at the value of ​EC​50​, we will find that the value is very                                     
high ­ namely of more than 7 million µg of TCS/g of tissue. This value is only theoretical,                                   
since the probability of ​T. tubifex’s ​weight being above 7 g is very low, since a concentration                                 
of 7 g of TCS/g of tissue would probably be deadly to the organism.  
 
6.3 Persistence 
T.tubifex: 
The data for the persistence showed that, for the initial concentrations of 0 µg/g                           
sediment and 20 TCS µg/g sediment, the TCS concentration increased by 281% and 126%                           
respectively. This could indicate that the samples had been cross contaminated since it would                           
otherwise be unlikely for the sample to show increased amounts of TCS. 
For the persistence of sediments spiked with concentrations 70 µg of TCS, showed only                           
a 0.05% difference before and after the experiment. It was expected that the TCS concentration                             
overall in the sediment would have decreased after the experimental period due to the process                             
of bioaccumulation and biodegradation. However, this small change does not seem substantial                       
enough to assume these processes have occurred and instead, we assume that there has been a                               
human error in the data measurements. 
Data for sediments spiked with concentrations of 100 µg/g sediment and 150 µg/g                         
sediment, yielded very different results; both samples showed a decrease in TCS                       
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concentrations after the experiment. Although the initial concentrations were much lower than                       
anticipated (we assume this was due to cross contamination or other errors – See errors and                               
evaluation in section 8) the substantial decrease in the concentration could indicate that for the                             
higher TCS concentrations, the ​T.tubifex underwent the process of bioaccumulation or                     
biodegradation. It is unlikely that the large percentage decreases were due to human errors. 
  
P.antipodarum​: 
For the ​P. antipodarum results, lower initial TCS concentrations of 0 µg/g sediment                         
and 20 µg/g sediment yielded a large increase in TCS concentrations after the experiment.                           
Once again, this data seems very unlikely and as such, it must be assumed that the samples had                                   
been contaminated due to human errors (See Evaluation on section 8). For the sediments                           
spiked with concentration levels of 70 TCS µg/g sediment, the results show a 51% increase                             
from the initial TCS concentration of 18.66 µg to 28.19 µg TCS. This suggests that the samples                                 
had been contaminated and are therefore assumed oddities in this investigation.  
The larger concentrations of TCS of 100 TCS µg/g sediment and 150 TCS µg/g                           
sediment showed promising results. Based on the results, a 98% decrease of TCS was observed                             
for sediments spiked with concentrations of 100 TCS µg/g sediment. Due to the high                           
percentage decrease, we presume that the organisms ​P. antipodarum ​ingested and either                       
bioaccumulated or biodegraded the TCS, lowering the amounts of TCS in the sediment. For the                             
sediments spiked with a concentration of 150 µg of TCS, the TCS concentration fell by 87%                               
which is a drastic decrease. Again, this could suggest that bioaccumulation or biodegradation                         
took place. 
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6.4 Fecal Production 
Fecal Production of ​P. antipodarum 
It is apparent that as the concentration of TCS increased, the number of fecal pellets                             
decreased (See Fig. 23), which therefore reveals a negative exponential relationship between                       
these variables. The reason for this could be due to the lack in ability of ​P. antipodarum to feed                                     
on the sediment consisting of high levels of TCS, presenting the organism with an insufficient                             
amount of nutrients crucial for excretion, indicating a disruption in the metabolism and energy                           
intake of the organism. 
As mentioned previously (See background of P. antipodarum​), the diet of ​P,                       
antipodarum includes: diatoms, epiphytic and periphytic algae, animal and plant detritus, and                       
sediment (Benson, A. et al, 2009). Their optimal habitat consists of: lakes or slow streams with                               
salinity between 0­15 ppt (parts per thousand) and containing organic matter substrates. In our                           
experiments, we manipulated the environment in which the organism was tested in by keeping                           
it as similar to the habitat of the organism as possible. Mortality of ​P. antipodarum​, since even                                 
in the highest concentration of TCS that is 150 μg TCS/g sediment, all the organisms survived.                               
The explanation for this could be due to the fact that TCS is a highly invasive toxicant found                                   
across the globe, in which low levels of it are found in the sediment that the organism is                                   
exposed to, daily. It is likely that they may have therefore adapted a degree of tolerance to a                                   
low level of this compound by frequent metabolism of it, as it is commonly found in their                                 
habitat. Although the ​conditions of ​P. antipodarum used in this experiment were manipulated                         
in a laboratory, causing them to not be directly influenced by this factor, it can still be a                                   
plausible reason for the ancestors of this organism to have passed on their genes, responsible                             
for tolerating a small degree of triclosan, to the ​P. antipodarum we used. They may therefore                               
have possessed the ability to tolerate low levels of TCS, causing the absence in mortality.  
Besides the fact that there were no directly lethal effects, a sublethal effect of TCS on                               
the organism is seen through the amount of excretion, namely, fecal pellets. Looking at the                             
results (Fig. 23), it is apparent that the fecal pellets decreased tremendously from the first                             
increase in concentration of TCS of 20 μg TCS/g sediment compared to the control of 0 μg                                 
tcs/g sediment. This shows that although TCS concentrations were not fatal on ​P. antipodarum​,                           
64 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
the decrease in the number of fecal pellets indicates a sublethal effect on the organism, as it                                 
reveals a disruption in their process of excretion which is a component of metabolism. This is a                                 
process which should not be disturbed as it is a collection of chemical reactions, specifically                             
the synthesis and breakdown of complex substances to obtain energy, which is a key aspect of                               
life. As metabolism is crucial for health, this observed effect in the disruption of this vital                               
process, may disable the organisms to be fit to its full potential, which may present a challenge                                 
in finding a sufficient number of mates, eventually influencing the successfulness of their                         
reproduction. Hence, the decreased level of fecal production poses a disadvantage in terms of                           
its reproduction rate, and further, the ecology of ​P. antipodarum​. 
 
Comparing EC​50​ Values of the Organisms 
When comparing the EC​50 values of the two organisms, we discover the importance of finding                             
the lowest EC​50 for a toxicant. This assures that no organisms are completely erased from an                               
ecosystem, which would also mean the disturbance of the whole ecosystem. Between ​P.                         
antipodarum and ​T. tubifex​, the first is the so called ‘weakest link’, and its EC​50 is the valid one                                     
when assessing the toxicity of a compound.  
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6.5 Behavioral Analysis 
TCS concentration of 70: 
Sample A and B showed similar results whereas sample C showed a large difference; there was                               
only found to be minimal burrowing in this sample which could be a result of dormant ​T.                                 
tubifex. We expected to see a lower amount of burrowing compared to samples with a TCS                               
concentration of 20 µg/g sediment, which was confirmed through the observations.  
 
TCS concentration of 0: 
For the samples of the concentration of TCS 0 μg TCS/μg sediment, an extensive amount of                               
burrowing was observed. This confirms our hypothesis in terms of avoidance behaviour in                         
correspondence to levels of TCS. We predicted higher amounts of burrowing in the sediment                           
with little or no TCS as the ​T. tubifex would filtrate and consume sufficient amounts of                               
sediment, filtrating less sediment with higher levels of TCS. 
 
TCS concentration of 20: 
For the samples with a TCS concentration of 20, the general observations showed many                           
burrows which suggests that the ​T. tubifex ​did not show avoidance behaviour to the specific                             
TCS level. These observations could indicate that there was no disturbance in the feeding of                             
T.tubifex and further analysis of the fecal layer and weight of the ​T.tubifex may help determine                               
this hypothesis. 
 
TCS concentration of 100:  
The observation made for TCS concentration 100, showed very different results. Both samples                         
B and C showed a surprising level of burrowing in terms of the high level of TCS, whereas                                   
sample A showed very limited burrowing in the sediment. It was hypothesized that the                           
burrowing for these sample would be less extensive than for concentration 20 and 70 TCS,                             
however the results show similar data. 
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TCS concentration of 150:  
For the samples of a TCS concentration of 150 µg/g sediment, it was observed that there was                                 
quite an extensive amount of burrowing. This could suggest that the TCS did not affect the                               
behaviour of the ​T. tubifex. It could, however, also be argued that since the ​T. tubifex cannot                                 
float or swim above the sediment they may have shown avoidance behaviour in terms of                             
attempting to create new burrows in other areas. Generally the burrowing is found to be less                               
extensive than in the samples for TCS 0 µg/g sediment. Comparing levels of burrowing with                             
samples with a TCS concentration of 100 µg/g sediment, we can observed that there is a                               
decrease in burrowing for levels of 150 TCS µg/g sediment. 
 
6.6 Comparison of Behavior and GC/MS Data 
For the samples with concentrations of a theoretical concentration of 0 TCS ​µg/g                         
sediment​, were shown to contain TCS levels of approximately 2.4 µg​/g sediment in the                           
sediment and the tissues of the ​T. tubifex showed to contain 2.56 TCS µg​/g tissue​. ​Comparing                               
this data with the data results for the behavioral analysis, the low TCS concentrations                           
correspond to the amount of burrowing observed; the samples showed an extensive amount of                           
burrowing which indicates that ​T. tubifex​ did not show any avoidance behavior. 
The samples spiked with a TCS concentration of 20 ​µg/g sediment showed that 34.85%                           
of the TCS had accumulated in the tissues. 72.20% of the TCS had remained in the sediment.                                 
The observations made in terms of the behavior showed that generally many burrows could be                             
observed after the experimental period. The samples from the GC/MS showed a high amount                           
of TCS found in the tissues of the ​T. tubifex​; however, there seems to be no disturbance in their                                     
behavior overall. Therefore, there seems to be no disturbance or substantial effect of the                           
concentration of TCS on the organisms. 
Data results for the samples spiked with a concentration of 70 ​µg/g sediment of TCS                             
showed that 12.14% of the chemical had accumulated in the tissue whereas 26.67% had                           
remained in the sediment. When comparing these results to the behavioral analysis for the                           
samples with the same concentration, it can be seen that the general tendency showed a lot of                                 
burrowing. The samples spiked with a TCS concentration of 20 ​µg/g sediment showed a                           
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higher amount of TCS bioaccumulation in the tissue and this corresponds to the minor increase                             
in the amount of burrowing for the TCS concentration of 70 ​µg/g sediment​.  
Samples spiked with a TCS concentration of 100 ​µg/g sediment showed that 621.03%                         
of the TCS had accumulated in the tissues of the organisms – in other words, more than 6 times                                     
the amount of TCS it was initially exposed to, and as such, we can assume the sample and                                   
organisms have been cross contaminated (See Errors section 8). However, despite the incorrect                         
TCS concentration value, assuming the GC/MS machine analysed the sample correctly, it can                         
be noted that the ​T. tubifex showed no lethal effect. Studying the behavioral analysis, the                             
individual samples were very different; sample A showed very limited burrowing whereas B                         
and C showed extensive burrowing. It can be hypothesized that as the data from the GC/MS                               
machine are averages, the sample showing limited burrowing could have been the one that                           
showed the highest amounts of TCS concentrations in the tissue. For such high concentrations                           
of TCS in the tissue, avoidance behavior would be expected to be observed which corresponds                             
to the data for sample A. However since the samples B and C showed no apparent signs of                                   
avoidance behavior, the results may indicate errors and outliers. 
For the samples spiked with 150 ​µg/g sediment TCS, data showed that 51.93% of the                             
TCS accumulated in the tissues of the organisms and 11.65% remained in the sediment.                           
Comparing these results with the amount of burrowing for the respective sample concentration,                         
an ​extensive amount was observed. The ​samples spiked with 150 ​µg/g sediment TCS showed                           
the highest amount of bioaccumulated TCS in the tissues of the ​T. tubifex ​which indicates that                               
the high TCS concentrations had no apparent effect on the burrowing behavior on the                           
organisms. 
Overall, there seems to be very little correlation between the amount of burrowing and                           
the TCS concentration in the tissue of ​T. tubifex​. However, the data may indicate a relationship                               
between the concentrations of TCS in the sediment. If the ​T. tubifex is capable of                             
biodegradation, this may be the reason why there was an extensive amount of burrowing for                             
the higher TCS concentrations, resulting in a decrease in the amount of TCS that remained in                               
the sediment; the highest amounts of burrowing were found in the sediments were under 12%                             
of the TCS remained.  
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6.7 Comparison of Growth Rate and Fecal Production 
Growth rate and fecal production of ​P. ​antipodarum and ​T. tubifex were two out of                             
three parameters used in determining whether or not TCS has sublethal effects on the                           
organisms. Growth rate measured the organism’s ability to ingest or feed on the sediment                           
containing TCS. The fecal production on the other hand, measured the ability of the organisms                             
to breakdown, and further excrete the sediment containing TCS. These parameters will be                         
compared to discover whether or not TCS poses sublethal effects on the organisms. 
P. antipodarum ​showed an overall decrease in weight, however, the weight losses were                         
relatively minor. In spiked sediment concentrations of 20 and 100 TCS μg/g sediment, the                           
organisms severely lost weight up to 50% of their initial weight. However, in concentrations of                             
70 and 150 TCS μg/g of sediment, the data revealed a small weight loss (See Fig. 19).                                 
Therefore, the severe weight loss − in the 20 and 100 TCS μg/g of sediment − can be less                                     
relevant to the overall data since there were only 2 to 3 organisms found after aeration when                                 
there were originally 4, most likely contributing to their extreme weight loss, and not due to the                                 
purpose of the study which is the influence of TCS. We thus took a closer look at                                 
concentrations of 70 and 150 TCS μg/g of sediment showing minor weight loss, which                           
indicates that they were not able to ingest the sediment, the higher the TCS concentration. This                               
corresponds to the findings of the fecal production, since in higher concentrations of TCS −                             
100 and 150 TCS μg/g of sediment − close to 0 fecal pellets were observed, which indicates                                 
that the organisms were not able to breakdown the sediment with TCS in higher                           
concentrations. Overall, ​P. antipodarum were less able to ingest, and henceforth breakdown                       
the sediment containing TCS in high TCS concentrations of 70­150 TCS μg/g of sediment,                           
demonstrated through their weight loss and small number of fecal pellets. 
The growth rate of ​T. tubifex on the other hand, showed an overall increase in weight                               
－ where the weight increased by approximately 25% in the 20 TCS μg/g sediment − despite                               
the TCS concentration increase (See Fig. 20). This complies with the findings in fecal                           
production, since a high amount of feces was observed in the concentration 20 TCS μg/g                             
sediment, and the fecal layer decreased as the concentrations increased. 
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As demonstrated in the growth rate and fecal production of the ​P. antipodarum and ​T.                             
tubifex, ​we gather that although the fecal amount decreased over the increase in TCS                           
concentration, the overall weight loss of both organisms were not severe in spite of the high                               
levels of TCS in the sediment, most probably contributing to their survival. Therefore, we can                             
deduce that the two organisms only showed little sublethal effects in terms of growth rate and                               
fecal production. 
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7. Conclusion  
 
Our data showed that higher TCS concentrations did not have lethal effects on the                           
organisms, which rejects our initial hypothesis. However, the TCS levels did show sublethal                         
effects on behaviour, growth and fecal production. Due to this tolerance, they could potentially                           
be used to remove TCS from an environment within the range of the concentrations we tested.   
Bioaccumulation and biodegradation are key contributing factors in terms of decreasing                     
the level of the toxicant ­ TCS ­ from the environment. From our results, we can conclude that                                   
for the lower TCS concentrations, only a minor degree was found in the tissue, whereas for the                                 
higher concentrations, more TCS was found in the tissue. This could indicate that                         
bioaccumulation occurred. From the investigation, we also saw that some samples showed a                         
decrease in TCS levels in the sediment and where TCS levels in the tissue remained the same.                                 
This could indicate that biodegradation occurred.  
To sum up, although further research would be necessary in determining the                       
effectiveness of the organisms, we assess that ​P. antipodarum and ​T. tubifex may be viable                             
solutions in terms of decreasing TCS concentrations in aquatic sediment, through the processes                         
of bioaccumulation and biodegradation.  
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8. Perspectives 
Future projects/investigation: If we were to do further research concerning this issue, we would 
like to carry out these possible investigations:  
­ Increase the concentration of TCS in the experiments to find the lethal concentration 
and therefore the ​EC​50​, so we can further assess the toxicity of the compound. 
­ Investigating and identifying the bi­products of TCS and their bioaccumulation and 
biomagnification properties. 
­ Experiment with other organisms, perhaps smaller in size or with faster metabolisms to 
see how the ​EC​50​ changes. 
­ Experiment with different organisms from the same ecosystem, to observe whether or 
not TCS moves up the food chain. This would be relevant, to assess the potential risk 
on humans. 
­ Analyse the byproducts of TCS, to investigate whether or not they are more harmful to 
the environment. 
 
Errors and Evaluation:  
­ Aeration of the T. tubifex ​and ​P. antipodarum ​was not consistent throughout the                         
experiment. This could have disrupted the sediment, fecal layer and or affected the                         
organisms’ behaviour for instance; the burrowing of the ​T. tubifex. ​For future                       
investigations, aeration should be kept consistent, by for example using tape or a tripod                           
to keep the tubes in the containers stationary, to minimize errors.   
­ P. antipodarum ​and T. tubifex were of different sizes and lengths which could have                           
affected the amount of TCS the organisms could ingest, and further, bioaccumulate and                         
biodegrade. To prevent this error in the future, the inspection to make sure that all                             
organisms of the same species tested on are the same, if not, similar in size. 
­ Sediment and media samples were also lost due to human errors, which meant that                           
some potentially valid data points and analyses were unavailable.  
­ Some snails and worms disappeared during the experiment which consequently meant                     
that the observations and data analysis for this specimen, was unavailable. The                       
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unobservable samples of ​T. tubifex could possibly be due to their decomposition as a                           
consequence of age, disease, TCS level or lack of aeration. Moreover, a possible reason                           
for the “disappearance” of ​P. antipodarum ​could be because of human error of                         
accidentally washing and causing the snails to fall out during this process (See                         
“Terminating the Experiment”). A potential way to limit the human errors − the loss of                             
sediment, media, ​T. tubifex and ​P. ​antipodarum samples − in future repetition of this                           
investigation would be to be cautious when carrying out this part of the experimental                           
procedure, to be as precise as possible.  
­ The counting of fecal pellets excreted by ​P. antipodarum was most likely affected by                           
human error as it was done by eye. This could pose an error in the analysis of the                                   
relationship between fecal production and concentration of TCS. To improve the                     
accuracy of this measurement in future experimentation, the parts of the circle on the                           
template used to count the number of fecal pellets could be divided into smaller pieces,                             
so that the overall number of fecal pellets would be closer to the actual number. 
­ There were most likely small errors in the general precision of the use of laboratory                             
equipments to obtain measurements, such as the: scale (g), P100 and P1000 Gilson                         
pipettes, etc. These minor errors can be limited to some extent, by being cautious and                             
being as precise as possible.  
­ Not all of the water was dried off when the ​T. tubifex ​were weighed. It was difficult to                                   
remove all water from the ​T. tubifex ​as the organisms were very fragile. This could                             
have affected the results for the growth analysis in correspondence to TCS                       
concentration in the sediment.  
­ The Precision in spiking the sediment was also a challenge in terms of potential human                             
errors influencing the results, as the amounts of TCS measured were very low, even the                             
slightest error in measurements could have large effects on our obtained data. 
­ Behavioral observations of ​P. antipodarum ​and ​T. tubifex ​were difficult to obtain, as                         
small movements or burrows may have been disregarded as it was a challenge to see                             
through the turbid liquid our samples were kept in. 
73 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
­ We decided to use the Wet Weight in our data analysis for the persistency, GC/MS                             
results as well as the BAF. For future investigations, calculating the Dry Weight could                           
be used to improve the results.  
­ TCS could have accumulated in the plastic equipment used for instance, the pipette tips                           
and pasteur pipettes. This could have lowered the concentration of TCS in our samples.                           
To avoid this error in future investigations, the avoidance in the use of plastic                           
equipment when dealing with samples containing TCS would most likely improve the                       
accuracy in the data. 
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Figures: 
  
Figure 1. Triclosan Composition (Lah K, n.d.) 
Figure 2: ​P. antipodarum​ in its aquatic habitat. Mrkvicka, A. 2014. 
Figure 3. ​T. Tubifex​ in habitat, in a pond in Zaragoza. Constantino Escuer 2012© 
Figure 4: Visual representation of the GC­MS Machine. (​Atmospheric Chemistry ​Lagzi et al., 
2013) 
Figures 5 and 6: collecting sediment samples at Munkholm Bro, Dk. 
Figure 7 and 8: Crucibles containing the the dry sediment 
Figure 9: Aeration setup for the ​P. antipodarum. ​Aeration tubes were held in place by sticky 
plastic covers.   
Figure 10: Aeration tubes in for the ​T. tubifex 
Figure 11: Experimental setup for ​T. tubifex.​ The lamp in the background imitated the night 
and day light exposure to the organisms.   
Figure 12: This graph shows the amount of TCS found in the tissue of the ​T. tubifex​. 
Figure 13. shows the amount of TCS content in the tissue of ​P. antipodarum​ after sample was 
put through the GC/MS machine. 
Figure 14. This graph represents the TCS content in the sediment of ​T. tubifex​, where the 
manipulated TCS concentrations are on the x­axis and the TCS concentrations after the 
experiment, are on the y­axis. 
Figure 15. TCS content in ​P. antipodarum​ sediment after the experiment in TCS μg/g 
sediment. 
Figure 16. Graph showing the tissue concentration over the sediment concentration ­ ergo, the 
bioaccumulation factor. 
Figure 17: The above graph shows the concentration of TCS before the experiment 
(represented by the red bars) and the concentration of TCS after the experiment (represented by 
the blue bar), as an average for each given sample spiked with the 5 different TCS 
concentrations for the ​P.antipodarum. 
Figure 18: The above graph shows the concentration of TCS before the experiment                         
(represented by the blue bars) and the concentration of TCS after the experiment (represented                           
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by the red bar), as an average for each given sample spiked with the 5 different TCS                                 
concentrations for the ​T. tubifex​. 
Figure 19: This graph shows the average weight for the ​P. antipodarum​ before and after the 
experiment. It represents the average weight per specimen as opposed to per 4 specimen, using 
the same process as used for the ​T. tubifex.​ The data can be found in Appendix 1). 
Figure 20: This graph shows the average weights per sample (4 specimen in total) before and 
after the experiment. 
Figure 21: Sample A with sediment spiked with a TCS concentration 0 µg. Here you can 
clearly see the abundant amount of burrowing made by the ​T. tubifex, ​in the sediment​. 
Figure 22. This graph is a visual representation of the relationship between the number of fecal 
pellets and the TCS concentration. 
Figure 23. Calculated (average) thickness of the fecal layer vs. concentration of TCS in the 
sediment, for the concentrations: 0, 20, 100 and 150 (μg tcs/μg sediment). 
   
Tables: 
Table 1. Taxonomy of ​P. antipodarum 
Table 2. Taxonomy of ​T. tubifex​. 
Table 3. TCS percentage remaining  in sediment and accumulating in the tissue, after 
experiment. 
Table 4. shows the BAF calculations for the ​P.antipodarum. ​The first average concentration in 
tissue (0 μg TCS/g tissue) shows the average for the sediments spiked with a TCS level of 0 μg 
TCS/g sediment, and the following average concentrations in tissues are averages of the 
sediments spiked with TCS concentrations 20, 70, 100 and 150 μg TCS/g sediment 
respectively. 
Table 5. shows the BAF calculations for the ​T. tubifex. ​The first average concentration in tissue 
(7.67 μg TCS/g tissue) shows the average for the sediments spiked with a TCS level of 0 μg 
TCS/g sediment, and the following average concentrations in tissues are averages of the 
sediments spiked with TCS concentrations 20, 70, 100 and 150 μg TCS/g sediment 
respectively. 
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Table 6. Burrowing behaviour for samples with a TCS concentration of 0 μg TCS/g sediment 
Table 7. Burrowing behaviour for samples with a TCS concentration of 20 μg TCS/g sediment 
Table 8. Burrowing behaviour for samples with a TCS concentration of 70 μg TCS/g sediment 
Table 9. Burrowing behaviour for samples with a TCS concentration of 100 μg TCS/g 
sediment 
Table 10. Burrowing behaviour for samples with a TCS concentration of 150 μg TCS/g 
sediment 
Table 11. Average Number of Fecal Pellets of ​P. antipodarum​ in different TCS concentrations. 
Contains the averages of the data (Appendix 1). The number of fecal pellets in the five 
different TCS concentrations were used to plot the graph (Fig. 25) shown below. 
Table 12. Calculated (average) thickness of the fecal layers, for each concentration. 
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10. Appendix 1 
 
 
Appendix 1.1 Growth of Organisms 
 
The growth of the organisms were measured through their weight before and after the 
experimental period. 
 
Weight of ​P. antipodarum 
 
Initial Sample 
Concentration 
of TCS 
P. antipodarum 
Before 
Experiment(g) 
After 
Experiment (g)  Difference (g) 
0  0.018  0.0107  ­0.0073 
0  0.021  0.0189  ­0.0021 
0  0.015  0.0136  ­0.0014 
20  0.025  0.0022  ­0.0228 
20  0.015  0.0118  ­0.0032 
20  0.012  0.0103  ­0.0017 
70  0.022  0.0135  ­0.0085 
70  0.022  0.0243  0.0023 
70  0.021  0.0115  ­0.0095 
100  0.02  0.0091  ­0.0109 
100  0.013  0.0081  ­0.0049 
100  0.015  0.0075  ­0.0075 
150  0.021  0.0161  ­0.0049 
150  0.014  0.015  0.001 
150  0.019  0.0196  0.0006 
 
 
 
 
 
82 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
Weight of ​Tubifex tubifex 
 
Initial Sample 
Concentration of 
TCS 
T. tubifex 
 
 Before Experiment(g) 
 
 After Experiment (g)   Difference 
0  0.019  0.038  0.019 
0  0.017  0.046  0.029 
0  0.022  0.027  0.005 
20  0.018  0.0123  ­0.0057 
20  0.019  0.023  0.004 
20  0.015  0.032  0.017 
70  0.017  0.0373  0.0203 
70  0.024  0.036  0.012 
70  0.012  NA  NA 
100  0.021  0.03  0.009 
100  0.024  0.0169  ­0.0071 
100   0.024  0.0256  0.0016 
150  0.019  0.0196  0.0006 
150  0.017  0.021  0.004 
150  0.02  0.0337  0.0137 
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Appendix 1.2 Fecal Production of Organisms 
 
Number of Fecal Pellets of ​Potamopyrgus antipodarum 
 
Potamopyrgus​ antipodarum​ After Aeration (Water, Fecal Pellets) (April 22) 
Sample 
Concentration  
(tcs μg/g sediment)  Water Mis­color 
Number of 
Fecal Pellets  
1.1  0  clear  456 
1.2  0  transparent, light yellow  492 
1.3  0  clear  464 
1.4  20 
(lack of water, cannot 
observe)  NA 
1.5  20  transparent, light yellow  512 
1.6  20  medium light yellow  288 
1.7  70  transparent, light yellow  NA 
1.8  70  transparent, light yellow  32 
1.9  70  transparent, light yellow  12 
1.10  100  mildly murky, yellow/green  12 
1.11  100  mildly murky, yellow  0 
1.12  100  murky, light green  0 
1.13  150  highly murky, light green  0 
1.14  150  highly murky, light green  0 
1.15  150  mildly murky, light green  0 
*(counted 2/8 parts in circle template – column = #of2/2 × 8) 
 
Average Number of Fecal Pellets of ​Potamopyrgus antipodarum 
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Fecal Layer of ​Tubifex tubifex  
 
T. tubifex ​After Aeration (Fecal Layer, Water Color, Burrows) (April 22) 
Sample 
Length of Fecal Layer 
(mm) 
Concentration 
(tcs/μg) 
Water 
Mis­color  Burrows 
A  3.40  0  clear  high 
B  3.20  0  clear  high 
C  2.45  0  clear  medium 
A  2.15  20  clear  medium 
B  2.45  20  clear  high 
C  2.45  20  clear  high 
A  2.55  70  clear  high 
B  2.65  70  murky  high 
C  2.65  70  clear  none 
A  1.95  100  clear  minimal 
B  2.15  100  very clear  high 
C  1.65  100  murky  minimal 
A  1.60  150  murky  high 
B  1.80  150  clear  medium 
C  2.05  150  clear  medium 
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Appendix 2 
 
Appendix 2.1 GC/MS Data 
This section will be analyzing the concentration of TCS in μg/g of tissue found in the two 
organisms after the experimental period.  
 
T. tubifex​ Tissue 
Below is the table showing the raw data of triclosan content in the tissue of ​T. tubifex ​in the 
five concentrations of TCS μg/g of tissue, respectively for the three samples in each 
concentration. 
 
 
 
Below is the table of the averages of TCS content in the tissue of ​T. tubifex​. 
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The graph below shows the amount of TCS found in the tissue of the ​T. tubifex​. 
 
 
P. antipodarum​ Tissue 
 
Below is the table showing the raw data of triclosan content in the tissue of ​P. antipodarum ​in 
the five concentrations of TCS μg/g of tissue, respectively for the three samples in each 
concentration. 
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Below is a graphical representation of the amount of TCS in the tissue of ​P. antipodarum​. For 
the samples 100 B, 100 C and 150 C, we can see very high concentrations of TCS pr. gram of 
tissue. Our data also shows insignificant levels of TCS for samples 0ABC, 20ABC, 70ABC 
and 150 A and 150B. Data point 20 C was not available for analysis. 
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The table below shows the averages of TCS content in the tissue of ​P. antipodarum​. 
 
 
 
 
T. tubifex ​Sediment 
 
Below is the table showing the raw data of triclosan content in the sediment of ​T. tubifex ​in the 
five concentrations of TCS μg/g of tissue, respectively for the three samples in each 
concentration. 
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The table below shows the average TCS content in the sediment of ​T. tubifex​. 
 
 
 
The graph below depicts how much TCS is present in the sediment of ​T. tubifex. 
 
 
 
P. antipodarum​ Sediment 
 
Below is the table showing the raw data of triclosan content in the sediment of ​P. antipodarum 
in the five concentrations of TCS μg/g of tissue, respectively for the three samples in each 
concentration. 
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Below is a graphical representation of the amount of TCS was present in the sediment of ​P. 
antipodarum. 
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The table below shows the averages in the amount of TCS present in the sediment of​ P. 
antipodarum. 
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Appendix 3 
 
 
Persistence 
The two following tables show the data used to make the graphs for the persistence section in 
our ‘Results’ division.  
 
Initial, final, average and spiked concentration in sediment of Triclosan. for the ​P. antipodarum​. The spiked 
concentration is a theoretical value; the initial is the actual value, that was measured in the sediment, before the 
experiment, by the GCMS; final concentration is the one measured in the sediment and after the experiment, by the 
GCMS as well; and the average concentration is an average of each of the three replicates pr. concentration.  
 
Initial, final, average and spiked concentration in sediment of Triclosan. for the ​P. antipodarum​. The spiked 
concentration is a theoretical value; the initial is the actual value, that was measured in the sediment, before the 
experiment, by the GCMS; final concentration is the one measured in the sediment and after the experiment, by the 
GCMS as well; and the average concentration is an average of each of the three replicates pr. concentration.  
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Appendix 4 
 
Appendix 4.1 Behavioural Analysis:  
The data below shows the observations made in terms of burrowing for the 5 TCS concentrations; 0, 
20, 70 , 100 and 150 ug. Each sample is labelled A, B and C respectively, and were used for the 
behavioural analysis for the Behavioural Analysis division.  
 
Concentration 150 TCS 
A: 
 
B: 
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C: 
 
 
Concentration 100 TCS 
 
A: 
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B: 
 
C: 
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Concentration 20 TCS 
 
A: 
 
 
B: 
 
97 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
 
C: 
 
 
 
Concentration 0 TCS: 
A: 
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B: 
 
C: 
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Concentration 70 TCS: 
 
A: 
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B: 
 
 
C: 
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Appendix 5 
 
 
Appendix 5.1 Fecal Production of ​T. tubifex 
Table 3. Measurements of the fecal layer formed by the T. tubifex, with three samples (A, 
B and C) for each concentration (0, 20, 70, 100 and 150). Measured with a sliding ruler. 
 
Sample 
Thickness of 
Fecal Layer 
(mm) 
Concentration 
(tcs/μg of 
sediment) 
A  3,4  0 
B  3,2  0 
C  2,45  0 
A  2,15  20 
B  2,45  20 
C  2,45  20 
A  2,55  70 
B  2,65  70 
C  2,65  70 
A  1,95  100 
B  2,15  100 
C  1,65  100 
A  1,6  150 
B  1,8  150 
C  2,05  150 
 
Graph 3.  Calculated (average) thickness of the fecal layer vs. concentration of triclosan in the 
sediment, for the concentrations 0, 20, 70, 100 and 150 (μg tcs/μg sediment).  
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Appendix 6 
 
 
Appendix 6.1 EC50 disregarded graph ­  
 
 
Number of Fecal Pellets of Potamopyrgus antipodarum in Different Triclosan Concentrations 
GRAPH OF SNAIL W/O EC50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
103 
 
2. Semester Project ­ Spring 2015          Roxana, Ana Katrina, Karina,  
Roskilde University       Josephine, Sarwen and Sarah 
Appendix 7 
 
 
Appendix 7.1 Materials for experiments 
 
Collecting  and Sieving the Sediment: 
Materials:  
● Sieve and Sieving Machine 
● large 10L Buckets 
● Nets for collecting samples  
● Water  
● Syphoning tubes 
 
Dry weight/Wet weight of sediment 
    Materials:  
● dry sediment 
● wet sediment 
● water deionized 
● acetone 
     
      Equipment: 
● balance tare capacity 300 g, capable of weighing 1mg 
● oven, electric convection, capable of maintaining stable temperatures of at least 200 C 
● desiccator, cabinet style 
● spatulas, stainless steel   
● beakers, 10 mL 
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Spiking the sediment 
    Materials: 
● glass beakers 
● media culture 
● wet weight sediment 10 g 
● acetone 
● C12­ triclosan internal standard 
● centrifuge 
 
Appendix 7.2 Monitored Experiment 
with Worms 
Materials 
● 60 tubifex worms 
● 60 potamopyrgus snails 
● 15 small beakers with lids 
● 15 larger beakers 
● Parafilm 
● Scale 
● Paper towel 
● Media   
● Air pumps 
● Light 
● air tubes 
 
Appendix 7.3 Terminating the experiment 
Potamopyrgus antipodarum 
Materials: 
∙​         ​Pipette P100 
∙​         ​15 mL centrifuge tubes – 15 units 
∙​         ​Eppendorf tubes – 15 units 
∙​         ​Petri dishes – one for each beaker – 15 in total 
∙​         ​50 mL centrifuge tubes – 15 units 
∙​         ​Clean media – prepared for the experiment 
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∙​         ​Demineralized water 
∙​    ​  Tweezers 
∙​         ​Weight 
∙​         ​125 μm sieve 
∙​         ​Macroscope 
 
Tubifex tubifex 
Materials: 
∙​         ​Pipette P100 
∙​         ​15 mL centrifuge tubes – 15 units 
∙​         ​Eppendorf tubes – 15 units 
∙​         ​Petri dishes – one for each beaker – 15 in total 
∙​         ​50 mL centrifuge tubes – 15 units 
∙​         ​Clean media – prepared for the experiment 
∙​         ​Demineralized water 
∙​         ​Tweezers 
∙​         ​Weight 
∙​         ​Sliding rule 
∙​         ​Macroscope 
 
Dissecting the snails 
Materials: 
● Eppendorf tubes ­ 15 units 
● Tweezers and sticks 
● Macroscope with light bulb 
● Petri dishes ­ 15 units 
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Appendix 7.3 Chemical Extractions 
Materials:  
● 15 Eppendorf tubes with T. tubifex tissue 
● 15 Eppendorf tubes with Potamopyrgus antipodarum tissue 
● 30 Glass centrifuge tubes 
● 70 mL Acetonitril (MeCN) 
● 938 μL IS 
● P100 and P1000 Gilson pipettes and corresponding tips 
● Whirlmix 
● Centrifuge at 4000 RPM 
● 30 QuEChERS mini tubes 
● 30 GC/MS vials with inner tubes 
● Sonicator 
● 15 50 mL centrifuge tubes with sediment from T. tubifex culture ­­ 
● 15 50 mL centrifuge tubes with sediment from Potamopyrgus variegatus 
● 5 control 50 mL centrifuge tubes with sediment without organism 
● 35 GC/MS vials 
● Scale in grams 
● 5 mL MilliQ water 
● QuEChERS Ex. Packet. (5982­5650) 
● Ceramic homogenizer 
● Pasteur pipettes with corresponding rubber bulbs 
● 35 QuEChERS large tubes 
● 35 QuEChERS dSPE tubes (medium tubes) 
● Tweezers 
● Timer 
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Glossary: 
 
Lipid Bilayer: Phospholipids organized in two layers wherein their hydrophobic tails are 
projecting inward while their polar head groups are projecting outward.  (Biology Online 
Dictionary, 2015) 
 
Photodegradation: "Decomposition of a compound by radiant energy."  (Parker, 1994) 
Antimicrobial agent:  A general term for drugs, chemicals, or other substances that either kill 
or slow the growth of microbes. (MedicineNet, 2015) 
 
Bioaccumulation: “The biological sequestering of a substance at a higher concentration than 
that at which it occurs in the surrounding environment or medium.” (U.S. Geological Survey, 
2007) 
 
Biota:  the animals, plants, fungi, etc., of a region or period. ( ​Dictionary.com​, 2015) 
 
Biodegradation:  "Transformation of a substance into new compounds through biochemical 
reactions or the actions of microorganisms such as bacteria." (U.S. Geological Survey, 2007) 
 
Biomagnification:  "Biomagnification is the sequence of processes in an ecosystem by which 
higher concentrations of a particular chemical, such as the pesticide DDT, are reached in 
organisms higher up the food chain, generally through a series of prey­predator relationships." 
(Oxford University, 2008) 
 
Littoral zones:  the near shore area where sunlight penetrates all the way to the sediment and 
allows aquatic plants (macrophytes) to grow. (Lake Ecology ­Lake Zones, 2014) 
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Dioxin:  "Dioxins are a class of chemical contaminants that are formed during combustion 
processes such as waste incineration, forest fires, and backyard trash burning, as well as during 
some industrial processes such as paper pulp bleaching and herbicide manufacturing. 
(National Institute of Environmental Health Sciences, 2011) 
 
Antibiotic resistance ­ The ability of bacteria and other microorganisms to resist the effects of 
an antibiotic to which they were once sensitive. (MedicineNet​ 2015) 
 
Lipophilic properties: Having an affinity for, tending to combine with, or capable of dissolving 
in lipids. – (​The Free Dictionary​. Farlex 2015) 
 
Trophic level : any class of organisms that occupy the same position in a food chain,as primary 
consumers, secondary consumers, and tertiary consumers. (Dictionary.com 2015) 
   
Oligotrophic: (of a lake) characterized by a low accumulation of dissolved nutrient salts, 
supporting but a sparse growth of algae and other organisms,and having a high oxygen content 
owing to the low organic content. (​Dictionary.com​ 2015) 
 
Eutrophic: ​Ecology. ​(of a lake) characterized by an abundant accumulation of nutrients that 
support a dense growth of algae and other organisms,the decay of which depletes the shallow 
waters of oxygen in summer. (​Dictionary.com​ 2015) 
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